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by 
Kevin R. Morgan 
Under the Direction of N. Mike Jackson 
 ABSTRACT  
Geotextile tubes are a proven cost-effective technology offering speed, efficiency, and 
minimal impact to the environment for dewatering of sediment or sludge from dredging 
operations. Common applications include: removal of solids from municipal water and waste 
water treatment, agricultural remediation, marine dredging operations, construction dewatering, 
and beach preservation and protection. Geotextile tubes are manufactured in a variety of 
configurations.  
Geotextile tubes are used for a wide variety of environmental applications including 
dewatering and slurry containment. One of the most important design aspects of the tubes 
themselves is the ability to be flexible and expand and hold form under high pressure as they are 
being filled with slurry. Due to their flexibility and high tensile strength, along with their great 
efficiency to dewater, they are being used more frequently, and have been developed for a 
variety of different applications. Many approaches have been developed to analyze the different 
outcomes of slurries as they enter the tube.  
The purpose of this study is to investigate fabrics of varying reported water flow 
characteristics for their speed and effectiveness in dewatering treated sludge from a full-scale 
dredging and dewatering project in Jackson Mississippi. The field results are documented, and 
  
compared to lab tests performed on materials from the same job site. The specific gravities, 
along with the type of tubes and other characteristics from the lab tests will be inputted into a 
program called SOFTWIN. Data collected in the field is to be compared to lab data, and then 
further compared to the SOFTWIN application, by inputting the same data collected in the field. 
This program is new to the geotextile tube industry, and is not widely used by any companies 
due to the fact that it has not been made available to the public yet. This program has not been 
verified publically until now that it is in fact a reliable source. It will be proved and justified that 
this program is not only helpful to predicting field conditions, but also that it is accurate and 
should be considered an approved device for dredging operations. This involves different 
scenarios in which geotextile tubes are used while dewatering, different types of sludge and 
slurries which are dewatered, and differences relating to the chemical flocculants that are used. 
The dewatering process using geotextile tubes consists of multiple cycles of filling with 
slurry and subsequent volume reduction of the slurry within the tube. This process results in a 
final volume containing an increased concentration of solids. Previous studies by Satyamurthy 
and Bhatia, and Sieck and Pickett, have generated calculations that developed relationships 
between the final volumes and the concentration of solids. However, as the rate of the volume 
reduction increases over time, more sophisticated modeling approaches are necessary to perform 
the complex analysis that is necessary. Calculations of the solids percentage, tensile stresses of 
the tube, height, and circumference of the tube prove difficult to predict, and computations 
performed by hand often result in significant errors, which is where the SOFTWIN program 
proves to be a great asset to the dredging and dewatering world.  
INDEX WORDS: Geotextile tube, geosynthetics, dredging, dewatering, dewatering rate, slurry, 
flow rate, filling phase, drawdown phase, polymer, flocculent, flocculants.  
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CHAPTER 1 
INTRODUCTION 
Purpose of the Study 
 The goal of this study was not only to understand the processes and applications behind 
the use of geotextile tubes, but also the reasons for which they are used for dewatering. Tubes 
have been used since the 1980’s for the containment of dredged material, and advancements in 
technology have allowed for the improvement and diversification for the applications of these 
tubes over the years. Modern geotextile tubes are generally larger than 30 ft. in circumference 
and reaching up to 150 ft. in circumference. They are typically constructed from high strength 
woven geotextile material for the purposes of coastal protection or the dewatering of sediment or 
sludge.  
Geotextile tubes are commonly used to dewater and contain dredged material ranging 
from marine sediment to municipal bio-solids. Geotextile tubes are also used for such diverse 
applications as groins, coastal protection, flood protection, beach restoration, dike and island 
construction, seabed restoration, wetlands restoration, dewatering of contaminated materials, 
foundations, and many others (Cantre, Geotextile Tubes-Analytical Design Aspects 2002). This 
study was focused specifically on the dewatering processes of geotextile tubes.  
According to other researches, geotextile tubes are used for multiple reasons, including: 
• cost-effectiveness; 
• minimal impact on the environment; 
• geotextile tubes leave behind a small footprint; 
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• their ability to optimize the land that they occupy; 
• their use with a large variety of different sediments, sludge, and sands; 
• they are constructed of extremely high-strength durable permeable geotextiles; 
• their ability to trap odors; and 
• they are UV resistant (Bagby, Fowler and Trainer 2002). 
When geotextile tubes are used for dewatering, there are many factors that go into the 
selection of the size of the tubes, including: 
• mesh pattern; 
• desired flow rate; 
• time line for the project to be completed; and 
• solid material to be dewatered (Bagby, Fowler and Trainer 2002). 
 
The Geotextile Tube 
 In dewatering applications, slurry is pumped the geotextile tube in order to retain the non-
dissolved solids while the water is discharged through the surface of the tube. They are filled 
with slurry by hydraulic pumps. The main objective of the dewatering process is to have a 
reduction in the volume of water that is pumped into the tube along with the slurry. That is, to 
achieve a desired solids percentage for later extraction. Four different processes occur within the 
tube, including: 
• suspension; 
• settling; 
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• deposition; and 
• consolidation.  
Suspension is considered to be the conservation of the solids within the water. The settling of 
the suspended particles includes the falling of the suspended particles through the water column 
inside of the geotextile tube. Deposition is defined as the cessation of the settling process. 
Lastly, the consolidation process completes any further reduction of the water content that may 
remain in any of the lower layers of the deposited solids. This is a result of a reduction in the 
void ratio due to the weight of the material that has been deposited. Essentially, the water is 
squeezed out by the weight of the material above it. All of the four processes mentioned above 
are dependent on a few different factors which affect the results, and the results in varying 
completion times. These factors include: 
• water turbulence; 
• the distribution of the particles coming into the tube; 
• flocculent sizes; 
• settling speeds; 
• rates of the deposition; 
• dynamics of aggregation; and 
• bulk properties of the sediments remaining on the bottom (W. J. Lick 2008). 
 The surfaces of geotextile tubes are permeable, and different tubes have different flow 
rates, resulting in varying dewatering times. The permeable surfaces of the tubes act as filters for 
the dewatering process. Solids are retained inside of the tube as the water escapes. There is water 
in the tube that is able to flow through the surface easily and freely. When flocculants form, they 
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often build up on the inner walls of the tubes. This can create a filter cake and reduce the amount 
of water able to flow through the surface of the tube. This will consequently slow down the 
overall time of the dewatering process. Due to flocculent build up, two measures are needed to 
compensate for the loss of flow rate. One measure involves adding a polymer to the water 
flowing into the tube. The polymer is able to help break up these flocculants which enables the 
water to flow through the side walls of the tube freely with reduced obstructions. The second 
method involves manually power washing the surface of the tube with high power streams of 
water from the outside.  
This processes pushes the filter cake off the inner side wall and breaks them up for water 
to freely flow again. This operation is considered to be regular maintenance since tubes dewater 
more efficiently when they are clean, free of flocculants, and free of debris. The approaches 
towards the maintenance of the geotextile tubes and the process of dewatering are based on the 
assumption that there is an extremely high tension inside of the tube during the filling process.  
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CHAPTER 2 
PREVIOUS RESEARCH AND CASE STUDIES 
Study of Dewatering Behavior of Untreated Sediments 
Most of the efforts used into the investigation of the processes pertaining to the geotextile 
tubes and their dewatering applications come from many different sources. In order to obtain 
data from locations that were simply too far to travel to, collaboration with another company was 
necessary to have testing completed in the field. Three different woven geotextiles were 
investigated as part of this study. The considerer variables included in this study included: 
• opening size; 
• dewatering behavior; and 
• slurry types. 
In addition, the study included two fabrics which were woven polypropylene geotextiles and a 
third which was a woven polyester geotextile. The third geotextile had a significantly lower 
published water flow rate which proved to be 250-l/min/m2, as compared with 810-l/min/m2, and 
730-l/min/m2 respectively for the others. Several tests were also conducted in the laboratory to 
confirm the apparent opening size for each of the three different fabrics at Flint Industries Inc. 
headquarters in Metter, Georgia. The maximum apparent opening sizes were 0.425 mm, 0.250 
mm, and 0.212 mm, respectively (Sieck and Pickett 2008). 
The three different slurries in which the fabrics were tested included: 
• clay; 
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• solids from municipal wastewater treatment; and 
• sand. 
None of these slurries were tested with polymer for testing purposes, and for control. The flow 
rate was evaluated along with the filtration efficiency while using a vacuum filtration test.  
 
Study of Dewatering Behavior of Polymer Treated Sediments 
 Pressure filtration testing on both untreated and treated Tully silt was reported in a 2009 
study by Satyamurthy and Bhatia. The five different fabrics that were tested while using the 
pressure filtration included: 
• a woven polypropylene (W-PP) fabric with the most commonly specified dewatering 
fabric properties; 
• two woven polyester (W-PET) fabrics; 
• a nonwoven needle punched polypropylene geotextile (NW); and 
• a composite of a nonwoven needle punched geotextile and a woven polyester (COMP). 
For the untreated sediment, it was concluded that the W-PP geotextile had a significant problem 
of piping, or penetration through the surface of the tube, and the filtration efficiency (a measure 
of percentage of solids contained) for the W-PP fell just below 95% while all other fabrics tested 
had at 97% or better filtration efficiency.   
When comparing the effectiveness of the polymer treatment of the slurry, the W-PP had 
the highest effectiveness. This is due to that there was a substantial reduction in both the piping 
and the dewatering time with the polymer treatment. The resulting filtration efficiency was 
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improved to 99.68%. This difference is due to the fact that the W-PP had the largest apparent 
opening size of all the fabrics that were tested. The W-PP fabric also had the fastest dewatering 
speed of all the testing done with the polymer treated slurry. With the untreated slurry, the 
nonwoven took slightly less time to dewater than with the polymer treatment. Finally with the 
chemically treated slurry, the nonwoven and the composite were slower to dewater than the 
woven geotextiles. (Satyamurthy and Bhatia 2009) 
 
Polymer Treatment of Fine Sediments 
 Polymers have been shown to greatly increase the dewatering speed of treated 
wastewater. The benefit of using polymer for the dewatering process has been demonstrated 
many times, and is proven to improve the dewatering rate in geotextile tubes regardless of the 
fabric type. The primary function of polymers is to have the small charged particles of the slurry 
within to be attracted to a large polymer chain, thereby creating a much larger and more effective 
particle size. This greatly increases the settling speed according to Stokes Law and the concept is 
used in almost all water and wastewater treatment processes. In much the same way that sand 
particles have larger void space than untreated clay, the treated slurry has a much larger void 
area than untreated slurry. This process allows swifter separation of solid from liquid as well as 
faster water flow through the pores of the sediment. (Bass, Vendrell and Worley 2003) 
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Previous Field Measurements and Observations 
During spring of 2014 Sieck and Pickett measured dewatering flow rates during a full 
scale dewatering project. This was with newly designed tubes that had become available at that 
time. The construction of fabric for these tubes resulted in a higher published water flow rate for 
tubes that had been routinely used in the past. The authors noted dewatering in real time and a 
high level of reliability over the course of the 6 month project. The active dewatering rate during 
pumping was found to be 780 gallons per minute per foot squared, and during drawdown it was 
found to average 57 gallons per minute per foot squared.  (Morgan, et al. 2014)  
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CHAPTER 3 
GEOTEXTILE TUBES AND THEIR PROCESSES PERTAINING TO DREDGING 
APPLICATIONS 
 The dewatering process of the general geotextile tube consists of repeated filling of the 
tube and the release of water from the tube as it escapes from the side walls. The process of the 
water entering and exiting the geotextile tubes is otherwise known as the filling and drawdown 
phase (Figure 1). Every time a filling phase is introduced to the tube, more slurry is pushed into 
the tube as well. This is completed at a high pressure so that any filter cake that has formed on 
the inner surface can be broken down from the turbulence associated with the incoming slurry. 
This helps to ensure a continuing outflow of the free water. Then the drawdown phase finalizes 
the sedimentation process and changes over to the consolidation phase.  
 
Figure 1: Filling, Drawdown and Consolidation Phases, created after: (Lawson 2008) 
 The mass contained within the geotextile tube is consolidated under its own weight. The 
drawdown phase is continued until the filling phase can be repeated, and then followed by 
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another drawdown phase, and so on. Eventually the final drawdown is completed, and one last 
consolidation phase may be completed to allow any extra moisture to be squeezed out under its 
own weight until it becomes dry.  
 
Methods of Evaluating the Geotextile Tube’s Performance in Dewatering  
There are four separate standards used to evaluate the performance of a geotextile tube: 
1) Depending on the slurry volume that is given, a target slurry volume is determined, and 
the significant gain in the solids percentage, or concentration, is attained.  
2) The tube is successful if the dewatering process is completed within the targeted time line 
of the project requirements.  
3) If there is any loss of solids through the tube’s surface, then it must be corrected within a 
relatively short amount of time to not affect the overall scope and effectiveness of the 
project.  
4) If the discharge is not to undergo further treatment before its release back into the 
environment, then it must be able to meet specific target levels. These levels are normally 
set as the maximum concentration of the containment that has entered the tube but can 
include environmental standards implemented within the area of the project’s location. 
There are many different test methods that have been derived to evaluate geotextile tubes and 
their performances. These tests are not only conducted within the laboratory, but also in the field 
where the dewatering process is being conducted. The most common laboratory tests include: 
• falling-head test (ASTM D4491) 
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• pressure filtration test (ASTM D6830) 
• standard cone testing (ASTM D4318) 
In the field, rapid dewatering tests can also be conducted. These include: 
• hanging bag test (ASTM D7701) 
• geotextile tube dewatering test (based on the hanging bag test, ASTM D7701) 
The geotextile tube can generally be characterized based on the permeability of the textile and 
its pore size. The slurry is categorized by the particle size distribution and the solids percentage 
within it. There have been attempts to create relationships between the properties of the slurry 
and the geotextile tubes, and the performance of the dewatering. Unfortunately, most of these 
are actually dependent upon the experimental set-up (Huang and Luo 2007). 
 Certain tests, such as the hanging bag test and the geotextile tube dewatering test are 
specific to slurry and geotextile properties combined. The characteristics of the geotextile tube 
and the slurry are not required individually for these tests. The purposes of these tests are for 
including visualization, rapid screening of candidate geotextiles, slurry with chemical accelerant 
combinations, determination of effluent quality, determination of filtration efficiency, 
determination of final solids concentration, and measurement of test-specific dewatering rates 
(Yee 2012). While these tests are useful measuring the dewatering demonstrated in the field, 
their primary benefit relates to use for comparison purposes. As such, they are not particularly 
helpful for the estimating the dewatering rate required for a project’s performance benchmarks 
with full scale tubes. Due to the tube’s massive size, and the fact that the tubes are not typically 
installed in a controlled environment, it is difficult to estimate the tubes full dewatering rate. 
Currently there is only one truly effective way to test for the dewatering rate, and for it to meet 
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the four requirements noted above. This is to conduct full-scale testing of the geotextile tubes in 
the field.  
 
The Phases of Dewatering 
 Dewatering is simply the removal of the water from the solid material. As for geotextile 
tubes, it depends on the movement of the water within the tube, and then through the walls of the 
permeable textiles that the tube is made of. This process also differs depending on whether the 
tube is undergoing the filling phase at the time, or the drawdown phase. The dewatering rate 
typically increases during the filling phase, and decreases during the drawdown phase due to 
pressure variations. While the tube is filling, a substantial amount of the slurry that is pumped 
into the tube is left in suspension due to the turbulent effects from the tube being filled. During 
the drawdown phase the solids from the slurry settle away from the water, and as time goes on 
the dewatering rate slows. Dewatering during the drawdown phase also slows due to the fact that 
there is less surface area being affected after the filling has stopped. This causes less pressure as 
well and leaves the slurry hanging in suspension. (Yee 2012) 
 Figure 2 below shows the conditions within the geotextile tube as the filling and 
drawdown phases are commencing.  The slurry is inserted into the tube with pressure originally, 
which creates turbulence along with a suspension zone. The solids remain within the suspension 
zone while the filling phase is commencing, which is in contact with the inner surface of the 
tube. The water will begin to flow out of the permeable surface of the geotextile tube during the 
filling phase, while simultaneously being filtered by the tube’s permeable surface itself. The way 
the slurry acts within the filling phase is dependent on the type of slurry. If the slurry has heavier 
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sections, then it may settle out faster than the rest. This can lead to a settled area of solids near 
the bottom of the tube as shown in Figure 2b below. Also shown is the tube when filled to the 
desired capacity, and height, the slurry being fed in is halted, which is when the geotextile tube 
begins the drawdown phase. As modeled after work done in 2012 (Yee 2012). 
 The slurry that existed at the beginning of the drawdown phase rapidly changes into a 
settling zone. The solids in suspension due to the filling of the tube are now beginning to settle 
out (Figure 2b). The solids slowly move downwards during this phase due to gravity. This 
gradually increases how dense the solid area is near the bottom of the tube due to the solids 
slowly sinking, thus forcing the water to the top. The zone at the bottom of the tube slowly 
separates into different zones of liquid, settling slurry, and the deposited solids. The water 
escapes from the tube through its permeable surface rather rapidly compared to the rest of the 
drawdown phase. There will also be a noticeable height difference in the tube due to the water 
escaping and with the filling phase no longer pushing more slurry in. The ability of water being 
able to escape through the bottom of the tube is dependent on the properties of the surface on 
which the tube is placed. If the water is unable to escape through the bottom a little more time 
will be necessary for the solids to push the water back up through the top or over to the sides of 
the tube. 
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Figure 2: Conditions inside of the geotextile tube during different moments of filling and drawdown created 
after: (Yee 2012) (a) initial filling phase; (b) initial drawdown phase; (c) end of initial drawdown phase; (d) 
end of subsequent filling phase; (e) beginning of subsequent drawdown phase; (f) end of subsequent 
drawdown phase 
At the completion of the drawdown phase, there will be a settled zone remaining in the 
bottom of the tube, and this is where all the solids and flocculants remain as shown in Figure 2c. 
Figure 2c shows the shape of the tube after the slurry has all completely settled. There is very 
little dewatering left to take place at this level due to how slowly the water moves through the 
solids, especially without any pressure or turbulence occurring at this time. Now during the 
succeeding filling phases the process will repeat itself. Fresh slurry will be pumped into the tube 
under extremely high pressure creating turbulence once again and filling the tube once more 
(Figure 2d). The slurry that is pumping into the tube raises the tube’s height, and remains in 
contact with the inner surface of the tube the entire time that it is flowing. Shown in Figure 2d 
are the three zones that are formed while the tube is being constantly filled with the incoming 
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slurry. The top layer is going to become the suspension zone, below that is the settling zone, and 
at the bottom is the zone in which the solids have already settled. These zones are demonstrated 
within the Figure 2d, but realistically these zones will not be so well defined.  
The top zone, the suspension zone, contains all the fresh slurry with a much lower 
concentration of solids compared to the rest of the contents in the tube. Within the settling zone 
is where the solids will begin to settle and flocculants will form. According to Stokes’ law this 
happens in a rather delayed manner. Finally under the settling zone is the settled zone which is 
where all of the solids and flocculants will be touching each other, thus creating an extremely 
dense area. This area will also become denser during the drawdown phase due to more solids 
settling and its own weight pressing down upon itself.  
The filling phases have a low solids concentration compared to the drawdown phase not 
only because of the turbulence of the incoming slurry, but also because of the higher dewatering 
rate that the tube dewaters under the elevated pressure. Remembering also that the escalated flow 
rate creates the high turbulence and is able to wash away any filter cake that may have formed 
during the previous drawdown phase and causing a slowed dewatering rate. Due to the textiles 
that the geotextile tubes are made of, there is actually very limited clogging because of the 
woven design. Within the nonwoven geotextile tubes, there is a significant amount of clogging 
and build up in comparison. This is where the type of geotextile tubes being used is important, 
because different tubes will influence the project entirely. Different woven fabrics can yield 
longer or faster completion times, and which fabric is to be chosen depends on the slurry that is 
to be dewatered, along with the goals of the project.  
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After the multiple filling phases, and there is no slurry remaining within the tube, all of 
the zones will change into a massive settling zone as shown in Figure 2c, and this is where the 
final drawdown phase will initiate. Even in the last drawdown phase, and with a larger settling 
zone, the solids still have the same movement as they did in the earlier drawdown phases. 
Having the solids move down slowly as the water passes through to the top of the tube again 
increases how dense the bottom layer becomes. It also affects the entire settling zone, and 
increases the volume of the settling layer as well. Figure 2f shows the completely settled zone 
after the final drawdown phase. For every drawdown phase that is completed, the more solids 
and flocculants will settle in the tube. Eventually the tube will reach its maximum capacity to be 
filled. Once the tube has become full, there is very little use to produce any further filling and 
drawdown phases, as it will be ineffective, and the breakdown of the tube’s contents may begin. 
 
THE DEWATERING PROCESS 
Modeling the Process 
Fresh slurry is constantly pumped into the geotextile tube during the filling phase, which 
leads to massive amounts of slurry contained within. The solids that are pushed into the tube 
become suspended in the water. Then the main purpose of the tube takes place, and the water 
drains and escapes through the tube’s woven material. The speed of the dewatering process is 
determined by the flow rate of the incoming slurry, the amount, the sizes of the suspended solids, 
and of course the material and type of woven material that the geotextile tube is created from.  
Slurries contain solids that are settling, such as those able to settle freely, and then 
slurries also contain solids that are dispersing, and these are the fine particles that will not settle 
 17 
 
freely. Many of the dewatering processes for the geotextile tubes begin from pre-removal of the 
settling solids though mechanical processes or by simple sieving. The majority of these 
essentially involve the dispersed solids, and these can also include colloids. The two processes of 
coagulation and flocculation are involved in order to separate the suspended solids from the 
water whenever the settling rates are considered to be too sluggish to deliver effective outcomes. 
“Chemical dewatering accelerants improve the separation of the dispersed solids through charge 
neutralization and flocculent building” (Yee 2012). Chemical accelerants, such as polymers, are 
able to help greatly improve the dewatering rate through the geotextile tube by enhancing the 
separation of the solids within the water. This forms the filter cakes, that are porous, that is able 
to act as a second filter where the water is able to escape through. 
A model of the geotextile tube dewatering process through the filling and drawdown 
phases was developed in 2012 by Yee and Larson. The model was proposed as a fundamental 
relationship to describe the dewatering rate during the filling phase as a ratio of the volume 
pumping rate:  
,
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       (1) 
Where Qout,f is the dewatering rate during the filling phase and the Qin is the flow rate into the 
tube. The Ap, which is the flocculent quality factor, is an empirical value correlated using the 
actual filling phases of dewatering and is specific to the geotextile used. An Ap value above 0.5 
means that the slurry has a high percentage of settling solids in the tube, and when below 0.5, 
there is a high percentage of the solids that are dispersing. Finally nin is the porosity of the slurry 
that is entering the tube.  
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 The porosity of the slurry that is in the suspension zone of the geotextile tube is the same 
as the slurry that is being pumped into the tube during the filling phase. This porosity is 
represented by nin. The porosity is the volume of the voids divided by the total volume of the 
slurry. Below is the relationship of the usable porosity for the dewatering, n being the porosity, C 
the solids concentration of the slurry by its volume, G being the specific gravity of the solid 
particles, and S being the solids concentration of the slurry by its weight: 
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 The change in the volume must be calculated along with the rate of dewatering during the 
filling phase of the tube. The tube’s shape varies, especially depending on the incoming slurry, 
and how full the tube is going to be. Due to the variation of the possibilities of the tube’s shape, 
and the fact that it is not a standard shape, when solving for the volume size of the geotextile 
tube when full, the results tend to have significant errors. An empirical relationship has been 
created for the volume of the geotextile tube between the tube’s length, filled height, and its 
theoretical diameter. (Yee 2012) 
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VT represents the volume of the geotextile tube, LT shows the length of the tube, DT is the 
theoretical diameter, and hT represents the fill height of the geotextile tube. This equation is used 
whenever there is height change in the tube.  
 Next is the model for the flow during the drawdown phase and it is at a very much 
reduced rate from the flow of the filling phase. It is dependent on an empirical power factor, q, 
on the geotextile used, as well as on other factors: 
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Note that ∆ht is the change in the height of the tube over the time interval of ∆t, and the ns is the 
mean porosity during the same time interval. It can be inferred that the change in height over the 
change in the time during the drawdown phase is dependent on the properties of not only the 
geotextile, but as well as the properties of the slurry that is being pumped to the tube. 
 The geotextile tube’s height shrinks while in the drawdown phase due to the water 
escaping the side walls, and leaving only the solids behind. The porosity of the solids within the 
tube also decreases. The height decreases over time of the dewatering. These changes are related 
to the changes in the slurry’s porosity over the amount of time that occurs, as shown in equation 
5.  
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Within equation 5, VT represents the tube’s volume at the beginning and the end of the time 
cycles, and n represents the slurry porosities at the beginning and end of the time cycles as well. 
The drawdown phase is modeled by determining the empirical power factor q depending on the 
tubes height. By monitoring the drawdown phase, the height and time taken during dewatering 
can be determined, thus determining the dewatering rate.  
 
Economic Reasoning behind Geotextile Tubes and Dewatering 
Technologies used today for waste management, disposal, storage, and dewatering 
aquaculture solid wastes are expensive, take a lot of maintenance, have poor treatment 
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efficiencies, and are expensive to install. Environmental regulations are becoming increasingly 
strict, such as the Clean Water Act, and within aquaculture operations it is becoming more and 
more important to do so properly due to these regulations. (Ebeling and Rishel 2006)  
The Clean Water Act (CWA), which officially is noted as the Federal Water Pollution 
Control Act, is in place to restore and maintain the chemical, physical, and biological integrity of 
the nation’s waters by preventing point and nonpoint pollution sources, providing assistance to 
publicly owned treatment works for the improvement of wastewater treatment, and maintaining 
the integrity of wetlands. (Environmental Protection Agency n.d.) 
Geotextile tubes are the latest instruments in dewatering applications, they are more 
efficient, use up less space, inexpensive, safer for the environment, and are able to dewater more 
materials at a higher solids percentage at the end. The technologies in which were available 
before geotextile tubes for storing the waste either have poor treatment methods, require high 
maintenance, or are expensive to install. In comparison, geotextile tubes are less expensive, 
require very little maintenance, are able to be at almost any site, can be created to contain large 
amounts of materials, and the treatment methods are simple. (Ebeling and Rishel 2006) 
Geotextile tubes are economically sound for multiple reasons, first off being that when 
used for dewatering they are usually helping to clean the area, such as a lake or a containment 
area. This can lead to saving environmental damage in the long run which saves money in having 
to repair the damaged environment in the area. Geotextile tubes are designed to change the 
slurry, which consists of the muck and other wastes, to a manageable material which can be 
transported away or reused as a by-product. After a tube has completed its last drawdown phase, 
it can be cut open and hauled away. This is easy to do, and the materials within may be able to be 
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reused for soils, landfill sites, and many different applications depending on the type of by-
product which is extracted.   
The largest asset to dewatering is when polymers are used. Adding polymers to the 
incoming slurry within the tube can accelerate the dewatering rate exponentially, and in doing so 
the time of the entire project is shortened, which in turn reduces costs. An area in need of 
dewatering, and in need of a ‘clean up’, immediately becomes economically efficient when a 
geotextile tube is used. To attempt to drain a lake, then clean out the bottom, haul away the 
materials from within the base of the lake, then refill the lake afterwards takes a lot of time and 
money. Also the water going back into the lake has to be cleaned, and a large amount of water is 
lost in the removal of the contaminated base of the lake. When the tubes are used, virtually no 
water is lost as it is all squeezed out of the slurry within and drained back into the lake as the 
tube acts as a giant filter.  
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CHAPTER 4 
STUDY SCOPE AND PROCEDURES 
Description of the Various Fabrics and Water Flow Rates 
Five separate fabrics with individual characteristics were tested for their dewatering 
efficiency, and the results varied from what their design aspects predicted. The first fabric, fabric 
A is a sand colored fabric with the lowest flow rate. Fabric B is a black fabric in which falls 
between that of fabric A and C. Fabric C is another sand colored fabric but is designed to have a 
flow rate very similar to the typical dewatering tubes that exist today. Fabric D is also a sand 
colored fabric designed with a high flow rate, and finally fabric E is another sand colored fabric 
but is designed with an ultra-high flow. Shown in Figure 3 below is a graph that represents the 
water flow rate in gallons per minute per foot squared of each fabric. The ultra-high flow, fabric 
E, is almost three times as effective as the basic fabric, fabric A. Fabrics A, C, D and E were 
designed by Flint with different constructions to vary the flow rate, Fabric B is a fabric currently 
used by another international manufacturer of geotextile tubes. 
Shown in Figure 3 below is a graph that represents the water flow rate in gallons per 
minute per foot squared of each fabric. The ultra-high flow, fabric E, is almost three times as 
effective as the basic fabric, fabric A. Fabrics A, C, D and E were designed by Flint with 
different constructions to vary the flow rate, Fabric B is a fabric currently used by another 
international manufacturer of geotextile tubes. 
 23 
 
 
Figure 3: Water Flow Rate for Each Fabric Tested (Morgan, et al. 2014) 
 
TESTING 
Setup of Testing and Materials for Early Tests 
 The scope of the current study is to evaluate woven polypropylene dewatering geotextiles 
with a range of water flow rates for their dewatering speed as well as comparing the results with 
other materials in which are used. The laboratory experiments were set up to test candidate 
geotextiles which had a range of water flow rates.  These fabric flow rates were evaluated using 
the ASTM D4491 (the falling head method) standard. There were 5 candidate geotextiles tested 
using gravity flow through cone fabric filters with the sludge and polymer from a current 
dewatering project. There is a full scale dewatering project out of Jackson, Mississippi, which 
has used high flow rate geotextile tubes, has experienced performance better than expected and 
evaluation of this performance is summarized herein. Figure 4 shows the Jackson, Mississippi 
Waste Water Treatment Plant job site where the task was to dredge and dewater 92,000 dry tons 
from the three lagoons in the top of the picture. What makes this project so impressive is not 
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only the massive amount of dredging and dewatering in which was required, but also the amount 
of tubes in which were used. There were a total of 228 total tubes used, all with a 90 foot 
circumference and between 100 ft. to 150 ft. in length. The Jackson, Mississippi site is the case 
study in which was used to for lab testing.  
 
 
Figure 4: Jackson, Mississippi Waste Water Treatment Job Site: Before Dredging (Photo provided by Flint 
Industries Inc.) 
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Preparation and Early Testing 
 A standard cone test was used as the guidelines for the following testing process which 
was used to test the dewatering rate of the five fabrics (Figure 5). To begin the testing procedure, 
the five different fabrics (A through E) were cut into two sets of 12 in x 12 in squares. The 
dredged sample used to test the dewatering rate for each fabric came from the Savanna Street 
Wastewater Treatment Plant Storm Cell Rehabilitation Project site in Jackson, Mississippi where 
200 ml of sludge was extracted from the sample and weighed. A 4 gram sample was then taken 
from the 200 ml sample and spread evenly onto the glass fiber test pad. This pad was then 
covered with another pad to help absorb the moisture when it is put into the DSC 500M Moisture 
Analyzer to find the initial solids percentage (Figure 6).  
 
Figure 5: Cone Filter Dewatering Process     
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Figure 6: 4 g Sample in Moisture Analyzer 
 
Exactly 200 ml of water was then added to the 200 ml of sample to create a diluted sample, from 
which another 4 grams was taken and put into the moisture analyzer just as before to find the 
diluted solids percentage. Next 4 ml of 0.5% HH 909 polymer, provided by HyChem, was added 
in 1 ml increments while constantly stirring to create the flocculants and help settle the sludge 
and create separation. The fabric was folded twice over, and then three of the four sides were 
clamped together to create a cone shaped trap to pour the slurry in. Then the 400 ml diluted 
sludge sample was poured into the fabric which was  placed over a graduated cylinder to 
measure the amount of water which flows through the slurry and fabric over the first 15 seconds, 
30 seconds, 1 minute, and 2 minutes. After sitting for 24 hours the remaining water that escapes 
from after the first two minutes was measured and a 4 gram sample was taken from the middle of 
the slurry in the cone. This 4 gram sample was spread onto a pad as before and put into the 
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moisture analyzer to see the final solids percentage after dewatering. This procedure was 
repeated for each fabric twice and the average calculations of the two samples are shown in 
Tables 1 and 2 below. (Refer to appendix for original trial data.) 
Table 1: Fabric Cone Test Dewatering Averages 
15 
Seconds 
(mL)
30 
Seconds 
(mL)
1 Min 
(mL)
2 Min 
(mL)
200 21.97% 400 430.3 4.95% 45 62.5 87.5 116 15.1
200 21.97% 400 419.1 5.90% 15 37.5 55 87.5 4.3
200 21.97% 400 425.1 8.38% 55 82.5 115 152.5 12
200 21.97% 400 419.3 7.85% 77.5 105 137.5 170 5.6
200 21.97% 400 413.2 7.99% 120 147.5 172.5 195 5.8
Avg. C
Avg. D
Avg. E
Diluted 
Solids 
%
Volume of Filtrate: Weight 
Residual in 
Beaker of 
Diluted (g)
Sample
Avg. A
Avg. B
Initial 
Sample 
Volume 
(mL)
Initial 
Sample 
% Solids
Diluted 
Volume 
(mL)
Diluted 
Weight 
(g)
 
Table 2: Fabric Cone Test Dewatering Percent Averages 
Avg. A 95 40.10% 211 11.7% 16.2% 22.7% 30.1% 54.8%
Avg. B 130 35.88% 217.5 3.6% 9.5% 13.9% 22.1% 55.0%
Avg. C 72.5 35.82% 225 13.3% 21.3% 29.6% 39.3% 58.0%
Avg. D 65 39.16% 235 18.7% 26.6% 34.9% 43.1% 59.6%
Avg. E 45 38.94% 240 29.5% 37.4% 43.8% 49.5% 60.9%
% of 
volume 
30 sec
% of 
volume 
60 sec
% of 
volume 
20 sec
Final 
(volume 
filtrate as 
percent 
of total)
Sample
Volume 
Retained 
Between 
2min - 
Final (mL)
% Solids 
Final
Total 
Volume 
of Filtrate 
(ml)
% of 
volume 
15 sec
 
 
PROGRAM TESTING AND SOFTWIN 
Materials for Program Testing and Model Creation 
 While geotextiles can be made up of many different materials, the types of geotextiles 
used in this project were made of polypropylene. Each material has its own properties that make 
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it stand out from the others, but all are proven to be productive with dewatering. The four types 
of geotextiles that were used are different types of polymers, which are all woven materials; 
polyamide, polyester, polyethylene, and polypropylene. Woven geotextiles are created from 
synthetic, or natural, fibers using weaving techniques. While glancing at the tube itself, one can 
see the appearance of two sets of parallel threads that are interlaced into what appears to be 
overlapping squares. For the technical terms, the “warp” runs along the length of the loom, and 
the “weft” runs in the other direction across the loom.  
 Polyamide is of a medium strength polymer compared to the other three, and is also 
known as Nylon 6 and Nylon 6.6. There are multiple additives that can influence the production 
process along with its properties. One additive is viscosity stabilizers that can control the degree 
of polymerization during the processing. Next are the ageing inhibitors which help to protect the 
polymer against ageing from light and thermo-oxidation. The last major additive is coloring, 
such as carbon black, which also will help to increase the stability of polyamides. Below shows 
the properties for the polyamide that was used during the finite element analysis testing.  
Table 3: Polyamide Properties 
Property Amount Unit
Density 1140 kg/m3
Thermal Expansion 90 °C
Reference Temperature 70 °C
Young's Modulus 2.50E+09 Pa
Poisson's Ratio 0.39
Bulk Modulus 3.7879E+09 Pa
Shear Modulus 8.9928E+08 Pa
Tensile Yield Strength 5.90E+07 Pa
Tensile Ultimate Strength 8.50E+07 Pa
Polyamide
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All of the properties have a high and low side, the density for polyamide ranges between 1.13 – 
1.35 g/cm3, and the tensile strength ranges from 90 – 185 N/mm2. Next shows the notched 
impact strength which is between 5.0 – 13 Kj/m2. Finally the max use temperature ranges 
between 150 – 185 ºC. 
 Polyester is a medium to lower strength polymer that is used, and is a synthetic resin used 
for many different products, but especially synthetic textile fibers. Polyester is used due to its 
high strength, ability to resist corrosion and chemical attacks, and colorfast. However polyester 
does tend to build up electrical charges, but with it being so well prepared, it is used for a wide 
spread amount of things. The additives used in the polyester begin with catalysts which are used 
to speed up the process of polymerization. Next are phosphatic compounds which help to reduce 
thermal degradation while it is processing in the molten stage. Finally are ageing inhibitors, such 
as carbon black, which help to increase the resistance to U.V. rays.  
Table 4: Polyester Properties 
Property Amount Unit
Density 1370 kg/m3
Thermal Expansion 80 °C
Reference Temperature 70 °C
Young's Modulus 3.00E+09 Pa
Poisson's Ratio 0.37
Bulk Modulus 3.8462E+09 Pa
Shear Modulus 1.0949E+09 Pa
Tensile Yield Strength 2.50E+06 Pa
Tensile Ultimate Strength 1.00E+08 Pa
Polyester
 
 Polyethylene has two types of density groups to be put into, one being a high density 
polyethylene, and the other being a low density polyethylene. This high strength geotextile 
material is created at high pressures, of up to 300 MN/m2, for the low density polyethylene, and 
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at lower temperatures and lower pressures, down to 4 MN/m2, for the high density polyethylene. 
Special catalysts are also used for the high density polyethylene initiation. This is what helps to 
define the physical properties of the polyethylene, as they are determined mainly by its 
crystallinity. Branching accounts for the differences in physical properties between the different 
grades of the polyethylene that are created. When the degree of branching is lower, the 
crystallization is able to occur in a more superior way. The high density polyethylene is more 
rigid, stronger, tougher, and has a better chemical resistance than the low density types. This is 
due to the lower degree of branching that the high density polyethylene has. In addition to the 
strength, it has improved thermal stabilization, better resistance to oxidation, and strong 
resistance to U.V. attack. A simple addition of only an extra 2% of carbon black can result in an 
optimal improvement.  
Table 5: Low Density Polyethylene Properties 
Property Amount Unit
Density 920 kg/m3
Thermal Expansion 150 °C
Reference Temperature 50 °C
Young's Modulus 1.10E+08 Pa
Poisson's Ratio 0.46
Bulk Modulus 4.5833E+08 Pa
Shear Modulus 3.7671E+07 Pa
Tensile Yield Strength 1.50E+07 Pa
Tensile Ultimate Strength 2.80E+06 Pa
Low Density Polyethylene
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Table 6: High Density Polyethylene Properties 
Property Amount Unit
Density 960 kg/m3
Thermal Expansion 150 °C
Reference Temperature 60 °C
Young's Modulus 8.00E+08 Pa
Poisson's Ratio 0.46
Bulk Modulus 3.3333E+09 Pa
Shear Modulus 2.7397E+08 Pa
Tensile Yield Strength 2.50E+07 Pa
Tensile Ultimate Strength 1.50E+07 Pa
High Density Polyethylene
 
 Polypropylene is considered to be one of the stronger and more common materials used 
for producing geotextile tubes. Polypropylene is the polymerization of propylene monomers 
while in the presences of detailed catalysts that are able to produce the crystalline thermoplastic 
polypropylene. Additives are also used to improve the resistance to U.V. rays, water, and for 
stronger thermal stabilization. (Yeo n.d.) 
Table 7: Polypropylene Properties 
Property Amount Unit
Density 905 kg/m3
Thermal Expansion 105 °C
Reference Temperature 65 °C
Young's Modulus 1.50E+09 Pa
Poisson's Ratio 0.45
Bulk Modulus 5.0000E+09 Pa
Shear Modulus 5.1724E+08 Pa
Tensile Yield Strength 3.30E+07 Pa
Tensile Ultimate Strength 3.60E+07 Pa
Polypropylene
 
Within the newly known program SOFTWIN, the testing data in which was completed from the 
lab testing was inputted to discover if the program acts accurately enough to consider it reliable 
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to predict field conditions. Figure 7 is an example of what the program outputs when the 
corresponding field data in programed in. After inputting the height, specific gravity of the 
slurry, and circumference of the tube in which is to be used, the SOFTWIN program will 
calculate the density of the slurry, the maximum capacity of the tube, the volume of the tube, 
along with many extra pieces of data.  
 
Figure 7: Medium Specific Gravity for Municipal Wastewater Slurry of 1.335 at 50% Solids 
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CHAPTER 5 
ANALYSIS OF DATA 
Initial Testing 
An analysis of the data indicated that the percent solids found from the first set of testing 
was lower than that of the percent solids found in the second set, as shown in Tables 8 and 9. The 
first round had an initial solids percentage of 19.12% compared to the second set of testing 
which was at 24.81% (averaged to the 21.97% shown above in Table 1). This is believed to be 
because, when the first batch of samples was pulled from the tub that came from the Jackson, 
Mississippi job site, there was more sludge to pull from, presumably because the sand portion 
was fast settling and difficult to capture. When the second round of testing was undertaken the 
tub had about half the material as it had started with. Even with stirring and attempting to keep it 
consistent with the first batch, there was still less water to keep it constant at a constant solids 
percentage. When looking at the average numbers between the two rounds of testing, the initial 
solids percentage was at 21.97% and the final after 24 hours of dewatering was at 37.98%. This 
shows the solids percentage to increase by about 16%. In all cases the filtrate was clear with very 
little if any fines coming through. 
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Table 8: Initial First Round of Testing 
15 
Sec 
(mL)
30 
Sec 
(mL)
1 
Min 
(mL)
2 
Min 
(mL)
11:04 AM A1 200 19.12% 400 n/a 3.89% 20 30 50 77 18.3 1:35 PM 140 36.85%
11:35 AM B1 200 19.12% 400 408.0 4.06% 20 60 90 145 7.1 1:25 PM 60 34.84%
12:11 PM C1 200 19.12% 400 422.7 3.44% 40 65 90 130 7.1 1:05 PM 85 33.24%
12:22 PM D1 200 19.12% 400 407.3 7.10% 95 130 170 200 7.8 12:48 PM 40 34.71%
12:35 PM E1 200 19.12% 400 404.9 8.25% 150 180 205 220 1.5 12:35 PM 30 40.26%
Diluted 
Solids %
Volume of Filtrate: Weight 
Residual 
in Beaker 
of 
Diluted 
(g)
Date 
Ended: 
4/3/14      
Time at 
Final
Volume 
Retained 
Between 
2min - 
Final 
(mL)
% 
Solids 
Final
Date 
Ended: 
4/3/14     
Time at 
Final
Sample
Initial 
Sample 
Volume 
(mL)
Initial 
Sample 
% Solids
Diluted 
Volume 
(mL)
Diluted 
Weight 
(g)
 
 
Table 9: Initial Second Round of Testing 
15 
Sec 
(mL)
30 
Sec 
(mL)
1 
Min 
(mL)
2 
Min 
(mL)
1:35 PM A2 200 24.81% 400 430.3 6.01% 70 95 125 155 11.9 1:20 PM 50 43.35%
2:05 PM B2 200 24.81% 400 430.1 7.74% 10 15 20 30 1.5 12:00 PM 200 36.92%
2:14 PM C2 200 24.81% 400 427.5 13.31% 70 100 140 175 16.9 11:50 AM 60 38.39%
2:31 PM D2 200 24.81% 400 431.2 8.59% 60 80 105 140 3.4 11:36 AM 90 43.60%
2:48 PM E2 200 24.81% 400 421.4 7.72% 90 115 140 170 10.1 11:00 AM 60 37.62%
% 
Solids 
Final
Date 
Ended: 
4/3/14           
Time at 
Final
Sample
Initial 
Sample 
Volume 
(mL)
Initial 
Sample 
% Solids
Diluted 
Volume 
(mL)
Diluted 
Weight 
(g)
Diluted 
Solids %
Volume of Filtrate: Weight 
Residual 
in Beaker 
of 
Diluted 
(g)
Date 
Ended: 
4/3/14           
Time at 
Final
Volume 
Retained 
Between 
2min - 
Final 
(mL)
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The results from the dewatering testing show that within the fabrics tested, there is a 
trend that higher flow rate fabrics produce faster dewatering time of polymer treated sludge.  
There was an exception to this during the second run with respect to Fabric B.  This may have 
resulted from a more different (less 3 dimensional) structure than the other fabrics and was 
curiously significant only in the second run.  Perhaps the different construction was more 
sensitive to other unintended variations, like polymer dose or solids percentage. Only speculation 
is possible on this finding. 
   
CONCLUSIONS 
The results from the dewatering testing show that within the fabrics tested, there is a 
trend that higher flow rate fabrics produce faster dewatering time of polymer treated sludge.  
There was an exception to this during the second run with respect to Fabric B.  This may have 
resulted from a different (less 3 dimensional) structure than the other fabrics and was curiously 
significant only in the second run.  Perhaps, the different construction was more sensitive to 
other unintended variations, such as the polymer dosage or the solids percentage. These finding 
can only be speculated due to the lack of true visible evidence on this. 
Although the cone filter testing was done with only blind samples, in that the samples 
were chosen at random and the characteristics and properties of each sample was unknown, it 
was later revealed that the type D, high flow fabric, was used on the full scale project in Jackson, 
Mississippi.  Based on the final solids percentages, each fabric is suitable for dewatering. Fabric 
water flow rate, however, affects the speed of dewatering. Based on these results, higher flow 
rate fabrics, so long as they meet strength and other property requirements, are expected to 
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dewater faster in the field which has been observed in the field.  Furthermore, the cone filter test 
method, while being more quantitative than qualitative, was useful in comparing fabrics for their 
dewatering speed.  Dewatering speed affects the amount of time that a dredger can pump to a 
single tube or group of tubes before moving to the next set and thus affects the efficiency of the 
dredging and dewatering project. There is an obvious difference in Figure 8 in which can be 
observed of the job site after the lagoons had been dredged, and the project was completed. 
 
Figure 8: Jackson, Mississippi Waste Water Treatment Job Site: After Dredging (Photo provided by Flint 
Industries Inc.) 
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Geotextile tubes are used for dewatering along with so many different applications. With 
the dewatering of slurry by hydraulic pumps, the slurry is able to be confined to a single location 
and have its volume reduced by increasing the solids concentration. This is done by reducing the 
amount of water within the slurry down to practically nothing. When the tube is in its filling and 
drawdown phases, the tube creates separate zones. These zones are known as suspension, 
settling, and settled zones. Each of these zones varies depending on the type of slurry, size of the 
particles and flocculants formed, the flow rate of the incoming slurry, and the type of geotextile 
the tube consist of. Remembering that testing for geotextile tubes are very tricky, being that there 
is no exact measurements for any testing unless conducted on a life size tube in the field, which 
is why the testing in the field is being compared to that of the lab results and the computer 
software. The models that have been created for predicting the dewatering characteristics of a 
geotextile tube all are accurate at describing the geotextile tube’s dewatering process. 
Determining the rate of change of the tube as it is in its filling and drawdown phases is helpful, 
and then is able to help profile the tube over time. The height of the tube can be determined over 
time along with its expansion and settling depending on what type of slurry is incoming, at what 
flow rate, and what type of fabric the tube is made of.  
 All of the computational data, which includes the geotextile tube depictions when filled 
with slurry, were completed with a program known as SOFTWIN, which simulates Geosynthetic 
Applications. This program allows the user to discover the key important density of the slurry, 
the complete tube volume, amount of pressure on the tube, the solids percentage that should 
occur within the tube while being filled with fluids. To allow the program to solve for these 
aspects of the tube, the parameters of the tube must be set first, such as the height and the 
circumference. Then the specific gravity of the incoming slurry must be specified along with the 
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safety factor. For the scenarios conducted, a safety factor of 3 was used, this is set to 3 because it 
is the standard safety factor that applies to the fabric of the geotextile tubes in which were used. 
Test points were made at different percentages for each type of slurry, using the most common 
slurry percentages in which are expected, and to give a good spread on how the solids percentage 
changes over time. 
Geotextile tubes are used for a wide variety of civil engineering applications including 
dewatering and slurry containment. They are being used more and more often, and many 
different approaches have been developed, but none that are truly analyzing the forces of the 
tubes on each other. The testing also helped to determine that the engineering properties of the 
geotextiles that are used for the tube actually have little influence on the fines migration. Also, 
the average flow rate through all of the testing was not following any trends based on what type 
of fabric was being used for each test. In the end however, it was deemed that all fabrics used in 
the study yielded acceptable filtration and retention results. 
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Appendix A Tables and Figures 
Table 10: Sample 1 Fabric Cone Test Dewatering Data 
15 Sec 
(mL)
30 Sec 
(mL)
1 Min 
(mL)
2 Min 
(mL)
11:04 AM A1 200 19.12% 400 n/a 3.89% 20 30 50 77 18.3
11:35 AM B1 200 19.12% 400 408.0 4.06% 20 60 90 145 7.1
12:11 PM C1 200 19.12% 400 422.7 3.44% 40 65 90 130 7.1
12:22 PM D1 200 19.12% 400 407.3 7.10% 95 130 170 200 7.8
12:35 PM E1 200 19.12% 400 404.9 8.25% 150 180 205 220 1.5
Diluted 
Solids %
Volume of Filtrate: Weight 
Residual 
left in 
Beaker of 
Diluted 
(g)
Date 
Ended: 
4/3/14                  
.                    
Time at 
Final
Sample
Initial 
Sample 
Volume 
(mL)
Initial 
Sample 
% Solids
Diluted 
Volume 
(mL)
Diluted 
Weight 
(g)
 
Table 11: Sample 1 Fabric Cone Test Dewatering Percentage Data 
1:35 PM 140 36.85% 217 A1 5.2% 7.9% 13.1% 20.2% 56.9%
1:25 PM 60 34.84% 205 B1 5.0% 15.3% 22.9% 36.9% 52.2%
1:05 PM 85 33.24% 215 C1 9.6% 16.5% 22.9% 33.1% 54.7%
12:48 PM 40 34.71% 240 D1 23.8% 33.1% 43.3% 51.0% 61.2%
12:35 PM 30 40.26% 250 E1 37.2% 45.2% 51.4% 55.2% 62.7%
% of 
volume 
30 sec
% of 
volume 
60 sec
% of 
volume 
20 sec
Final 
(volume 
filtrate as 
percent 
of total)
Date 
Ended: 
4/3/14                  
.                    
Time at 
Final
Volume 
Retained 
Between 
2min - 
Final 
(mL)
% Solids 
Final
Total 
Volume 
of 
Filtrate 
(ml)
Sample
% of 
volume 
15 sec
 
 
Table 12: Sample 2 Fabric Cone Test Dewatering Data 
15 Sec 
(mL)
30 Sec 
(mL)
1 Min 
(mL)
2 Min 
(mL)
1:35 PM A2 200 24.81% 400 430.3 6.01% 70 95 125 155 11.9
2:05 PM B2 200 24.81% 400 430.1 7.74% 10 15 20 30 1.5
2:14 PM C2 200 24.81% 400 427.5 13.31% 70 100 140 175 16.9
2:31 PM D2 200 24.81% 400 431.2 8.59% 60 80 105 140 3.4
2:48 PM E2 200 24.81% 400 421.4 7.72% 90 115 140 170 10.1
Diluted 
Solids %
Volume of Filtrate: Weight 
Residual 
left in 
Beaker of 
Diluted 
(g)
Date 
Ended: 
4/3/14                  
.                    
Time at 
Final
Sample
Initial 
Sample 
Volume 
(mL)
Initial 
Sample 
% Solids
Diluted 
Volume 
(mL)
Diluted 
Weight 
(g)
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Table 13: Sample 2 Fabric Cone Test Dewatering Percentage Data 
 
 
 
 
Figure 9: Percent Volume Dewatered of Sample 1 
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1:20 PM 50 43.35% 205 A2 18.0% 24.5% 32.2% 39.9% 52.8%
12:00 PM 200 36.92% 230 B2 2.3% 3.8% 5.0% 7.5% 57.7%
11:50 AM 60 38.39% 235 C2 17.0% 26.1% 36.5% 45.7% 61.3%
11:36 AM 90 43.60% 230 D2 14.0% 20.2% 26.5% 35.3% 58.0%
11:00 AM 60 37.62% 230 E2 21.9% 29.5% 35.9% 43.6% 59.0%
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volume 
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volume 
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volume 
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(volume 
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Figure 10: Percent Volume Dewatered of Sample 2 
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Table 14: Data Table of 4 mL of 0.5 Jackson Polymer Added 
15 
Sec 
(mL)
30 
Sec 
(mL)
1 
Min 
(mL)
2 
Min 
(mL)
11:04 AM A1 200 19.12% 400 n/a 3.89% 20 30 50 77 18.3 1:35 PM 140 36.85%
11:35 AM B1 200 19.12% 400 408.0 4.06% 20 60 90 145 7.1 1:25 PM 60 34.84%
12:11 PM C1 200 19.12% 400 422.7 3.44% 40 65 90 130 7.1 1:05 PM 85 33.24%
12:22 PM D1 200 19.12% 400 407.3 7.10% 95 130 170 200 7.8 12:48 PM 40 34.71%
12:35 PM E1 200 19.12% 400 404.9 8.25% 150 180 205 220 1.5 12:35 PM 30 40.26%
% Solids 
Final
Date 
Ended: 
4/3/14                  
.                    
Time at 
Final
Sample
Initial 
Sample 
Volume 
(mL)
Initial 
Sample 
% Solids
Diluted 
Volume 
(mL)
Diluted 
Weight 
(g)
Diluted 
Solids %
Volume of Filtrate:
Weight 
Resid in 
Beaker of 
Diluted 
(g)
Date 
Ended: 
4/3/14                  
.                    
Time at 
Final
Volume 
Retain 
B/w 2min 
- Final 
(mL)
 
Table 15: Data Table of 4 mL of 0.5 Jackson Polymer Added Second Set of Testing 
15 
Sec 
(mL)
30 
Sec 
(mL)
1 
Min 
(mL)
2 
Min 
(mL)
1:35 PM A2 200 24.81% 400 430.3 6.01% 70 95 125 155 11.9 1:20 PM 50 43.35%
2:05 PM B2 200 24.81% 400 430.1 7.74% 10 15 20 30 1.5 12:00 PM 200 36.92%
2:14 PM C2 200 24.81% 400 427.5 13.31% 70 100 140 175 16.9 11:50 AM 60 38.39%
2:31 PM D2 200 24.81% 400 431.2 8.59% 60 80 105 140 3.4 11:36 AM 90 43.60%
2:48 PM E2 200 24.81% 400 421.4 7.72% 90 115 140 170 10.1 11:00 AM 60 37.62%
% Solids 
Final
Date 
Ended: 
4/3/14                  
.                    
Time at 
Final
Sample
Initial 
Sample 
Volume 
(mL)
Initial 
Sample 
% Solids
Diluted 
Volume 
(mL)
Diluted 
Weight 
(g)
Diluted 
Solids %
Volume of Filtrate:
Weight 
Resid in 
Beaker of 
Diluted 
(g)
Date 
Ended: 
4/3/14                  
.                    
Time at 
Final
Volume 
Retain 
B/w 2min 
- Final 
(mL)
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Table 16: Averages of Two Data Tables of 4 mL of 0.5 Jackson Polymer Added 
15 
Sec 
(mL)
30 
Sec 
(mL)
1 
Min 
(mL)
2 
Min 
(mL)
Average A 200 21.97% 400 430.3 4.95% 45 62.5 87.5 116 15.1 95 40.10%
Average B 200 21.97% 400 419.1 5.90% 15 37.5 55 87.5 4.3 130 35.88%
Average C 200 21.97% 400 425.1 8.38% 55 82.5 115 153 12 72.5 35.82%
Average D 200 21.97% 400 419.3 7.85% 77.5 105 138 170 5.6 65 39.16%
Average E 200 21.97% 400 413.2 7.99% 120 148 173 195 5.8 45 38.94%
Diluted 
Weight 
(g)
Sample
Initial 
Sample 
Volume 
(mL)
Initial 
Sample 
% Solids
Diluted 
Volume 
(mL)
Diluted 
Solids %
Volume of Filtrate: Weight 
Residual 
in Beaker 
of 
Diluted 
(g)
Volume 
Retained 
Between 
2min - 
Final 
(mL)
% Solids 
Final
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Appendix B Photos of Testing 
 
Figure 11: Original Sample from Jackson 
 
Figure 12: DSC 500M Moisture Analyzer 
 
Figure 13: 200 ml Samples in Beakers 
 
 
Figure 14: Dewatering Process Set-up 
 
 
 
Figure 15: 4 g Sample in Moisture Analyzer 
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Figure 16: Flocculants Settling after Polymer 
Added 
 
 
Figure 17: Cone Filter Dewatering Process 
 
Figure 18: Graduated Cylinder Catching Filtrate 
 
 
Figure 19: Sample Taken Next Day from Middle 
of Slurry 
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Figure 20: Dried Sample after Moisture Analyzer 
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Appendix C Low Specific Gravity of Fecal Slurry for Sludge with Safety Factor of 3 
Table 17: Specific Gravity of Slurry from Low SG of Fecal Slurry 
Material (Solids %) (SG of Material) + (Water %) (SG of Water) = SG of Slurry
Low Fecal Slurry 1% 1.18 + 99% 1 = 1.002
Low Fecal Slurry 2% 1.18 + 98% 1 = 1.004
Low Fecal Slurry 3% 1.18 + 97% 1 = 1.005
Low Fecal Slurry 4% 1.18 + 96% 1 = 1.007
Low Fecal Slurry 5% 1.18 + 95% 1 = 1.009
Low Fecal Slurry 6% 1.18 + 94% 1 = 1.011
Low Fecal Slurry 7% 1.18 + 93% 1 = 1.013
Low Fecal Slurry 8% 1.18 + 92% 1 = 1.014
Low Fecal Slurry 9% 1.18 + 91% 1 = 1.016
Low Fecal Slurry 10% 1.18 + 90% 1 = 1.018
Low Fecal Slurry 11% 1.18 + 89% 1 = 1.020
Low Fecal Slurry 12% 1.18 + 88% 1 = 1.022
Low Fecal Slurry 13% 1.18 + 87% 1 = 1.023
Low Fecal Slurry 14% 1.18 + 86% 1 = 1.025
Low Fecal Slurry 15% 1.18 + 85% 1 = 1.027
Low Fecal Slurry 16% 1.18 + 84% 1 = 1.029
Low Fecal Slurry 17% 1.18 + 83% 1 = 1.031
Low Fecal Slurry 18% 1.18 + 82% 1 = 1.032
Low Fecal Slurry 19% 1.18 + 81% 1 = 1.034
Low Fecal Slurry 20% 1.18 + 80% 1 = 1.036
Low Fecal Slurry 21% 1.18 + 79% 1 = 1.038
Low Fecal Slurry 22% 1.18 + 78% 1 = 1.040
Low Fecal Slurry 23% 1.18 + 77% 1 = 1.041
Low Fecal Slurry 24% 1.18 + 76% 1 = 1.043
Low Fecal Slurry 25% 1.18 + 75% 1 = 1.045
Low Fecal Slurry 26% 1.18 + 74% 1 = 1.047
Low Fecal Slurry 27% 1.18 + 73% 1 = 1.049
Low Fecal Slurry 28% 1.18 + 72% 1 = 1.050
Low Fecal Slurry 29% 1.18 + 71% 1 = 1.052
Low Fecal Slurry 30% 1.18 + 70% 1 = 1.054
Low Fecal Slurry 31% 1.18 + 69% 1 = 1.056
Low Fecal Slurry 32% 1.18 + 68% 1 = 1.058
Low Fecal Slurry 33% 1.18 + 67% 1 = 1.059
Low Fecal Slurry 34% 1.18 + 66% 1 = 1.061
Low Fecal Slurry 35% 1.18 + 65% 1 = 1.063
Low Fecal Slurry 36% 1.18 + 64% 1 = 1.065
Low Specific Gravity of Fecal Slurry for Sludge (Safety Factor of 3)
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Table 18: Specific Gravity of Slurry from Low SG of Fecal Slurry Continued 
Material (Solids %) (SG of Material) + (Water %) (SG of Water) = SG of Slurry
Low Fecal Slurry 37% 1.18 + 63% 1 = 1.067
Low Fecal Slurry 38% 1.18 + 62% 1 = 1.068
Low Fecal Slurry 39% 1.18 + 61% 1 = 1.070
Low Fecal Slurry 40% 1.18 + 60% 1 = 1.072
Low Fecal Slurry 41% 1.18 + 59% 1 = 1.074
Low Fecal Slurry 42% 1.18 + 58% 1 = 1.076
Low Fecal Slurry 43% 1.18 + 57% 1 = 1.077
Low Fecal Slurry 44% 1.18 + 56% 1 = 1.079
Low Fecal Slurry 45% 1.18 + 55% 1 = 1.081
Low Fecal Slurry 46% 1.18 + 54% 1 = 1.083
Low Fecal Slurry 47% 1.18 + 53% 1 = 1.085
Low Fecal Slurry 48% 1.18 + 52% 1 = 1.086
Low Fecal Slurry 49% 1.18 + 51% 1 = 1.088
Low Fecal Slurry 50% 1.18 + 50% 1 = 1.090
Low Fecal Slurry 51% 1.18 + 49% 1 = 1.092
Low Fecal Slurry 52% 1.18 + 48% 1 = 1.094
Low Fecal Slurry 53% 1.18 + 47% 1 = 1.095
Low Fecal Slurry 54% 1.18 + 46% 1 = 1.097
Low Fecal Slurry 55% 1.18 + 45% 1 = 1.099
Low Fecal Slurry 56% 1.18 + 44% 1 = 1.101
Low Fecal Slurry 57% 1.18 + 43% 1 = 1.103
Low Fecal Slurry 58% 1.18 + 42% 1 = 1.104
Low Fecal Slurry 59% 1.18 + 41% 1 = 1.106
Low Fecal Slurry 60% 1.18 + 40% 1 = 1.108
Low Fecal Slurry 61% 1.18 + 39% 1 = 1.110
Low Fecal Slurry 62% 1.18 + 38% 1 = 1.112
Low Fecal Slurry 63% 1.18 + 37% 1 = 1.113
Low Fecal Slurry 64% 1.18 + 36% 1 = 1.115
Low Fecal Slurry 65% 1.18 + 35% 1 = 1.117
Low Fecal Slurry 66% 1.18 + 34% 1 = 1.119
Low Fecal Slurry 67% 1.18 + 33% 1 = 1.121
Low Fecal Slurry 68% 1.18 + 32% 1 = 1.122
Low Fecal Slurry 69% 1.18 + 31% 1 = 1.124
Low Fecal Slurry 70% 1.18 + 30% 1 = 1.126
Low Fecal Slurry 71% 1.18 + 29% 1 = 1.128
Low Fecal Slurry 72% 1.18 + 28% 1 = 1.130
Low Fecal Slurry 73% 1.18 + 27% 1 = 1.131
Low Specific Gravity of Fecal Slurry for Sludge (Safety Factor of 3)
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Table 19: Specific Gravity of Slurry from Low SG of Fecal Slurry Continued 
Material (Solids %) (SG of Material) + (Water %) (SG of Water) = SG of Slurry
Low Fecal Slurry 74% 1.18 + 26% 1 = 1.133
Low Fecal Slurry 75% 1.18 + 25% 1 = 1.135
Low Fecal Slurry 76% 1.18 + 24% 1 = 1.137
Low Fecal Slurry 77% 1.18 + 23% 1 = 1.139
Low Fecal Slurry 78% 1.18 + 22% 1 = 1.140
Low Fecal Slurry 79% 1.18 + 21% 1 = 1.142
Low Fecal Slurry 80% 1.18 + 20% 1 = 1.144
Low Fecal Slurry 81% 1.18 + 19% 1 = 1.146
Low Fecal Slurry 82% 1.18 + 18% 1 = 1.148
Low Fecal Slurry 83% 1.18 + 17% 1 = 1.149
Low Fecal Slurry 84% 1.18 + 16% 1 = 1.151
Low Fecal Slurry 85% 1.18 + 15% 1 = 1.153
Low Fecal Slurry 86% 1.18 + 14% 1 = 1.155
Low Fecal Slurry 87% 1.18 + 13% 1 = 1.157
Low Fecal Slurry 88% 1.18 + 12% 1 = 1.158
Low Fecal Slurry 89% 1.18 + 11% 1 = 1.160
Low Fecal Slurry 90% 1.18 + 10% 1 = 1.162
Low Fecal Slurry 91% 1.18 + 9% 1 = 1.164
Low Fecal Slurry 92% 1.18 + 8% 1 = 1.166
Low Fecal Slurry 93% 1.18 + 7% 1 = 1.167
Low Fecal Slurry 94% 1.18 + 6% 1 = 1.169
Low Fecal Slurry 95% 1.18 + 5% 1 = 1.171
Low Fecal Slurry 96% 1.18 + 4% 1 = 1.173
Low Fecal Slurry 97% 1.18 + 3% 1 = 1.175
Low Fecal Slurry 98% 1.18 + 2% 1 = 1.176
Low Fecal Slurry 99% 1.18 + 1% 1 = 1.178
Low Fecal Slurry 100% 1.18 + 0% 1 = 1.180
Low Specific Gravity of Fecal Slurry for Sludge (Safety Factor of 3)
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Figure 21: Low SG of Fecal Slurry of 1.002 at 1% Solids 
 
 
Figure 22: Low SG of Fecal Slurry of 1.045 at 25% Solids 
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Figure 23: Low SG of Fecal Slurry of 1.090 at 50% Solids 
 
 
Figure 24: Low SG of Fecal Slurry of 1.135 at 75% Solids 
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Figure 25: Low SG of Fecal Slurry of 1.162 at 90% Solids 
 
 
Figure 26: Low SG of Fecal Slurry of 1.171 at 95% Solids 
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Figure 27: Low SG of Fecal Slurry of 1.175 at 97% Solids 
 
 
Figure 28: Low SG of Fecal Slurry of 1.180 at 100% Solids
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Appendix D High Specific Gravity of Fecal Slurry for Sludge with Safety Factor of 3 
Table 20: Specific Gravity of Slurry from High SG of Fecal Slurry 
Material (Solids %) (SG of Material) + (Water %) (SG of Water) = SG of Slurry
High Fecal Slurry 1% 1.27 + 99% 1 = 1.003
High Fecal Slurry 2% 1.27 + 98% 1 = 1.005
High Fecal Slurry 3% 1.27 + 97% 1 = 1.008
High Fecal Slurry 4% 1.27 + 96% 1 = 1.011
High Fecal Slurry 5% 1.27 + 95% 1 = 1.014
High Fecal Slurry 6% 1.27 + 94% 1 = 1.016
High Fecal Slurry 7% 1.27 + 93% 1 = 1.019
High Fecal Slurry 8% 1.27 + 92% 1 = 1.022
High Fecal Slurry 9% 1.27 + 91% 1 = 1.024
High Fecal Slurry 10% 1.27 + 90% 1 = 1.027
High Fecal Slurry 11% 1.27 + 89% 1 = 1.030
High Fecal Slurry 12% 1.27 + 88% 1 = 1.032
High Fecal Slurry 13% 1.27 + 87% 1 = 1.035
High Fecal Slurry 14% 1.27 + 86% 1 = 1.038
High Fecal Slurry 15% 1.27 + 85% 1 = 1.041
High Fecal Slurry 16% 1.27 + 84% 1 = 1.043
High Fecal Slurry 17% 1.27 + 83% 1 = 1.046
High Fecal Slurry 18% 1.27 + 82% 1 = 1.049
High Fecal Slurry 19% 1.27 + 81% 1 = 1.051
High Fecal Slurry 20% 1.27 + 80% 1 = 1.054
High Fecal Slurry 21% 1.27 + 79% 1 = 1.057
High Fecal Slurry 22% 1.27 + 78% 1 = 1.059
High Fecal Slurry 23% 1.27 + 77% 1 = 1.062
High Fecal Slurry 24% 1.27 + 76% 1 = 1.065
High Fecal Slurry 25% 1.27 + 75% 1 = 1.068
High Fecal Slurry 26% 1.27 + 74% 1 = 1.070
High Fecal Slurry 27% 1.27 + 73% 1 = 1.073
High Fecal Slurry 28% 1.27 + 72% 1 = 1.076
High Fecal Slurry 29% 1.27 + 71% 1 = 1.078
High Fecal Slurry 30% 1.27 + 70% 1 = 1.081
High Fecal Slurry 31% 1.27 + 69% 1 = 1.084
High Fecal Slurry 32% 1.27 + 68% 1 = 1.086
High Fecal Slurry 33% 1.27 + 67% 1 = 1.089
High Fecal Slurry 34% 1.27 + 66% 1 = 1.092
High Fecal Slurry 35% 1.27 + 65% 1 = 1.095
High Fecal Slurry 36% 1.27 + 64% 1 = 1.097
High Specific Gravity of Fecal Slurry for Sludge (Safety Factor of 3)
 
 59 
 
Table 21: Specific Gravity of Slurry from High SG of Fecal Slurry Continued 
Material (Solids %) (SG of Material) + (Water %) (SG of Water) = SG of Slurry
High Fecal Slurry 37% 1.27 + 63% 1 = 1.100
High Fecal Slurry 38% 1.27 + 62% 1 = 1.103
High Fecal Slurry 39% 1.27 + 61% 1 = 1.105
High Fecal Slurry 40% 1.27 + 60% 1 = 1.108
High Fecal Slurry 41% 1.27 + 59% 1 = 1.111
High Fecal Slurry 42% 1.27 + 58% 1 = 1.113
High Fecal Slurry 43% 1.27 + 57% 1 = 1.116
High Fecal Slurry 44% 1.27 + 56% 1 = 1.119
High Fecal Slurry 45% 1.27 + 55% 1 = 1.122
High Fecal Slurry 46% 1.27 + 54% 1 = 1.124
High Fecal Slurry 47% 1.27 + 53% 1 = 1.127
High Fecal Slurry 48% 1.27 + 52% 1 = 1.130
High Fecal Slurry 49% 1.27 + 51% 1 = 1.132
High Fecal Slurry 50% 1.27 + 50% 1 = 1.135
High Fecal Slurry 51% 1.27 + 49% 1 = 1.138
High Fecal Slurry 52% 1.27 + 48% 1 = 1.140
High Fecal Slurry 53% 1.27 + 47% 1 = 1.143
High Fecal Slurry 54% 1.27 + 46% 1 = 1.146
High Fecal Slurry 55% 1.27 + 45% 1 = 1.149
High Fecal Slurry 56% 1.27 + 44% 1 = 1.151
High Fecal Slurry 57% 1.27 + 43% 1 = 1.154
High Fecal Slurry 58% 1.27 + 42% 1 = 1.157
High Fecal Slurry 59% 1.27 + 41% 1 = 1.159
High Fecal Slurry 60% 1.27 + 40% 1 = 1.162
High Fecal Slurry 61% 1.27 + 39% 1 = 1.165
High Fecal Slurry 62% 1.27 + 38% 1 = 1.167
High Fecal Slurry 63% 1.27 + 37% 1 = 1.170
High Fecal Slurry 64% 1.27 + 36% 1 = 1.173
High Fecal Slurry 65% 1.27 + 35% 1 = 1.176
High Fecal Slurry 66% 1.27 + 34% 1 = 1.178
High Fecal Slurry 67% 1.27 + 33% 1 = 1.181
High Fecal Slurry 68% 1.27 + 32% 1 = 1.184
High Fecal Slurry 69% 1.27 + 31% 1 = 1.186
High Fecal Slurry 70% 1.27 + 30% 1 = 1.189
High Fecal Slurry 71% 1.27 + 29% 1 = 1.192
High Fecal Slurry 72% 1.27 + 28% 1 = 1.194
High Fecal Slurry 73% 1.27 + 27% 1 = 1.197
High Specific Gravity of Fecal Slurry for Sludge (Safety Factor of 3)
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Table 22: Specific Gravity of Slurry from High SG of Fecal Slurry Continued 
Material (Solids %) (SG of Material) + (Water %) (SG of Water) = SG of Slurry
High Fecal Slurry 74% 1.27 + 26% 1 = 1.200
High Fecal Slurry 75% 1.27 + 25% 1 = 1.203
High Fecal Slurry 76% 1.27 + 24% 1 = 1.205
High Fecal Slurry 77% 1.27 + 23% 1 = 1.208
High Fecal Slurry 78% 1.27 + 22% 1 = 1.211
High Fecal Slurry 79% 1.27 + 21% 1 = 1.213
High Fecal Slurry 80% 1.27 + 20% 1 = 1.216
High Fecal Slurry 81% 1.27 + 19% 1 = 1.219
High Fecal Slurry 82% 1.27 + 18% 1 = 1.221
High Fecal Slurry 83% 1.27 + 17% 1 = 1.224
High Fecal Slurry 84% 1.27 + 16% 1 = 1.227
High Fecal Slurry 85% 1.27 + 15% 1 = 1.230
High Fecal Slurry 86% 1.27 + 14% 1 = 1.232
High Fecal Slurry 87% 1.27 + 13% 1 = 1.235
High Fecal Slurry 88% 1.27 + 12% 1 = 1.238
High Fecal Slurry 89% 1.27 + 11% 1 = 1.240
High Fecal Slurry 90% 1.27 + 10% 1 = 1.243
High Fecal Slurry 91% 1.27 + 9% 1 = 1.246
High Fecal Slurry 92% 1.27 + 8% 1 = 1.248
High Fecal Slurry 93% 1.27 + 7% 1 = 1.251
High Fecal Slurry 94% 1.27 + 6% 1 = 1.254
High Fecal Slurry 95% 1.27 + 5% 1 = 1.257
High Fecal Slurry 96% 1.27 + 4% 1 = 1.259
High Fecal Slurry 97% 1.27 + 3% 1 = 1.262
High Fecal Slurry 98% 1.27 + 2% 1 = 1.265
High Fecal Slurry 99% 1.27 + 1% 1 = 1.267
High Fecal Slurry 100% 1.27 + 0% 1 = 1.270
High Specific Gravity of Fecal Slurry for Sludge (Safety Factor of 3)
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Figure 29: High SG of Fecal Slurry of 1.003 at 1% Solids 
 
 
Figure 30: High SG of Fecal Slurry of 1.068 at 25% Solids 
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Figure 31: High SG of Fecal Slurry of 1.135 at 50% Solids 
 
 
Figure 32: High SG of Fecal Slurry of 1.203 at 75% Solids 
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Figure 33: High SG of Fecal Slurry of 1.243 at 90% Solids 
 
 
Figure 34: High SG of Fecal Slurry of 1.257 at 95% Solids 
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Figure 35: High SG of Fecal Slurry of 1.262 at 97% Solids 
 
 
Figure 36: High SG of Fecal Slurry of 1.270 at 100% Solids 
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Appendix E Low SG of Slurry for Municipal Wastewater with Safety Factor of 3 
 Table 23: Specific Gravity of Slurry from Low SG of Municipal Wastewater Slurry 
Material (Solids %) (SG of Material) + (Water %) (SG of Water) = SG of Slurry
Low Municipal WW 1% 1.55 + 99% 1 = 1.006
Low Municipal WW 2% 1.55 + 98% 1 = 1.011
Low Municipal WW 3% 1.55 + 97% 1 = 1.017
Low Municipal WW 4% 1.55 + 96% 1 = 1.022
Low Municipal WW 5% 1.55 + 95% 1 = 1.028
Low Municipal WW 6% 1.55 + 94% 1 = 1.033
Low Municipal WW 7% 1.55 + 93% 1 = 1.039
Low Municipal WW 8% 1.55 + 92% 1 = 1.044
Low Municipal WW 9% 1.55 + 91% 1 = 1.050
Low Municipal WW 10% 1.55 + 90% 1 = 1.055
Low Municipal WW 11% 1.55 + 89% 1 = 1.061
Low Municipal WW 12% 1.55 + 88% 1 = 1.066
Low Municipal WW 13% 1.55 + 87% 1 = 1.072
Low Municipal WW 14% 1.55 + 86% 1 = 1.077
Low Municipal WW 15% 1.55 + 85% 1 = 1.083
Low Municipal WW 16% 1.55 + 84% 1 = 1.088
Low Municipal WW 17% 1.55 + 83% 1 = 1.094
Low Municipal WW 18% 1.55 + 82% 1 = 1.099
Low Municipal WW 19% 1.55 + 81% 1 = 1.105
Low Municipal WW 20% 1.55 + 80% 1 = 1.110
Low Municipal WW 21% 1.55 + 79% 1 = 1.116
Low Municipal WW 22% 1.55 + 78% 1 = 1.121
Low Municipal WW 23% 1.55 + 77% 1 = 1.127
Low Municipal WW 24% 1.55 + 76% 1 = 1.132
Low Municipal WW 25% 1.55 + 75% 1 = 1.138
Low Municipal WW 26% 1.55 + 74% 1 = 1.143
Low Municipal WW 27% 1.55 + 73% 1 = 1.149
Low Municipal WW 28% 1.55 + 72% 1 = 1.154
Low Municipal WW 29% 1.55 + 71% 1 = 1.160
Low Municipal WW 30% 1.55 + 70% 1 = 1.165
Low Municipal WW 31% 1.55 + 69% 1 = 1.171
Low Municipal WW 32% 1.55 + 68% 1 = 1.176
Low Municipal WW 33% 1.55 + 67% 1 = 1.182
Low Municipal WW 34% 1.55 + 66% 1 = 1.187
Low Municipal WW 35% 1.55 + 65% 1 = 1.193
Low Municipal WW 36% 1.55 + 64% 1 = 1.198
Low Specific Gravity of Slurry for Municipal Wastewater (Safety Factor of 3)
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Table 24: Specific Gravity of Slurry from Low SG of Municipal Wastewater Slurry Continued 
Material (Solids %) (SG of Material) + (Water %) (SG of Water) = SG of Slurry
Low Municipal WW 37% 1.55 + 63% 1 = 1.204
Low Municipal WW 38% 1.55 + 62% 1 = 1.209
Low Municipal WW 39% 1.55 + 61% 1 = 1.215
Low Municipal WW 40% 1.55 + 60% 1 = 1.220
Low Municipal WW 41% 1.55 + 59% 1 = 1.226
Low Municipal WW 42% 1.55 + 58% 1 = 1.231
Low Municipal WW 43% 1.55 + 57% 1 = 1.237
Low Municipal WW 44% 1.55 + 56% 1 = 1.242
Low Municipal WW 45% 1.55 + 55% 1 = 1.248
Low Municipal WW 46% 1.55 + 54% 1 = 1.253
Low Municipal WW 47% 1.55 + 53% 1 = 1.259
Low Municipal WW 48% 1.55 + 52% 1 = 1.264
Low Municipal WW 49% 1.55 + 51% 1 = 1.270
Low Municipal WW 50% 1.55 + 50% 1 = 1.275
Low Municipal WW 51% 1.55 + 49% 1 = 1.281
Low Municipal WW 52% 1.55 + 48% 1 = 1.286
Low Municipal WW 53% 1.55 + 47% 1 = 1.292
Low Municipal WW 54% 1.55 + 46% 1 = 1.297
Low Municipal WW 55% 1.55 + 45% 1 = 1.303
Low Municipal WW 56% 1.55 + 44% 1 = 1.308
Low Municipal WW 57% 1.55 + 43% 1 = 1.314
Low Municipal WW 58% 1.55 + 42% 1 = 1.319
Low Municipal WW 59% 1.55 + 41% 1 = 1.325
Low Municipal WW 60% 1.55 + 40% 1 = 1.330
Low Municipal WW 61% 1.55 + 39% 1 = 1.336
Low Municipal WW 62% 1.55 + 38% 1 = 1.341
Low Municipal WW 63% 1.55 + 37% 1 = 1.347
Low Municipal WW 64% 1.55 + 36% 1 = 1.352
Low Municipal WW 65% 1.55 + 35% 1 = 1.358
Low Municipal WW 66% 1.55 + 34% 1 = 1.363
Low Municipal WW 67% 1.55 + 33% 1 = 1.369
Low Municipal WW 68% 1.55 + 32% 1 = 1.374
Low Municipal WW 69% 1.55 + 31% 1 = 1.380
Low Municipal WW 70% 1.55 + 30% 1 = 1.385
Low Municipal WW 71% 1.55 + 29% 1 = 1.391
Low Municipal WW 72% 1.55 + 28% 1 = 1.396
Low Municipal WW 73% 1.55 + 27% 1 = 1.402
Low Specific Gravity of Slurry for Municipal Wastewater (Safety Factor of 3)
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Table 25: Specific Gravity of Slurry from Low SG of Municipal Wastewater Slurry Continued 
Material (Solids %) (SG of Material) + (Water %) (SG of Water) = SG of Slurry
Low Municipal WW 74% 1.55 + 26% 1 = 1.407
Low Municipal WW 75% 1.55 + 25% 1 = 1.413
Low Municipal WW 76% 1.55 + 24% 1 = 1.418
Low Municipal WW 77% 1.55 + 23% 1 = 1.424
Low Municipal WW 78% 1.55 + 22% 1 = 1.429
Low Municipal WW 79% 1.55 + 21% 1 = 1.435
Low Municipal WW 80% 1.55 + 20% 1 = 1.440
Low Municipal WW 81% 1.55 + 19% 1 = 1.446
Low Municipal WW 82% 1.55 + 18% 1 = 1.451
Low Municipal WW 83% 1.55 + 17% 1 = 1.457
Low Municipal WW 84% 1.55 + 16% 1 = 1.462
Low Municipal WW 85% 1.55 + 15% 1 = 1.468
Low Municipal WW 86% 1.55 + 14% 1 = 1.473
Low Municipal WW 87% 1.55 + 13% 1 = 1.479
Low Municipal WW 88% 1.55 + 12% 1 = 1.484
Low Municipal WW 89% 1.55 + 11% 1 = 1.490
Low Municipal WW 90% 1.55 + 10% 1 = 1.495
Low Municipal WW 91% 1.55 + 9% 1 = 1.501
Low Municipal WW 92% 1.55 + 8% 1 = 1.506
Low Municipal WW 93% 1.55 + 7% 1 = 1.512
Low Municipal WW 94% 1.55 + 6% 1 = 1.517
Low Municipal WW 95% 1.55 + 5% 1 = 1.523
Low Municipal WW 96% 1.55 + 4% 1 = 1.528
Low Municipal WW 97% 1.55 + 3% 1 = 1.534
Low Municipal WW 98% 1.55 + 2% 1 = 1.539
Low Municipal WW 99% 1.55 + 1% 1 = 1.545
Low Municipal WW 100% 1.55 + 0% 1 = 1.550
Low Specific Gravity of Slurry for Municipal Wastewater (Safety Factor of 3)
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Figure 37: Low Specific Gravity of Municipal Wastewater Slurry of 1.006 at 1% Solids 
 
 
Figure 38: Low Specific Gravity of Municipal Wastewater Slurry of 1.138 at 25% Solids 
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Figure 39: Low Specific Gravity of Municipal Wastewater Slurry of 1.275 at 50% Solids 
 
 
Figure 40: Low Specific Gravity of Municipal Wastewater Slurry of 1.413 at 75% Solids 
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Figure 41: Low Specific Gravity of Municipal Wastewater Slurry of 1.495 at 90% Solids 
 
 
Figure 42: Low Specific Gravity of Municipal Wastewater Slurry of 1.523 at 95% Solids 
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Figure 43: Low Specific Gravity of Municipal Wastewater Slurry of 1.534 at 97% Solids 
 
 
Figure 44: Low Specific Gravity of Municipal Wastewater Slurry of 1.550 at 100% Solids 
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Appendix F Specific Gravity of Slurry for Sludge with Safety Factor of 3 
Table 26: Specific Gravity of Slurry Sludge 
Material (Solids %) (SG of Material) + (Water %) (SG of Water) = SG of Slurry
Sludge 1% 1.60 + 99% 1 = 1.006
Sludge 2% 1.60 + 98% 1 = 1.012
Sludge 3% 1.60 + 97% 1 = 1.018
Sludge 4% 1.60 + 96% 1 = 1.024
Sludge 5% 1.60 + 95% 1 = 1.030
Sludge 6% 1.60 + 94% 1 = 1.036
Sludge 7% 1.60 + 93% 1 = 1.042
Sludge 8% 1.60 + 92% 1 = 1.048
Sludge 9% 1.60 + 91% 1 = 1.054
Sludge 10% 1.60 + 90% 1 = 1.060
Sludge 11% 1.60 + 89% 1 = 1.066
Sludge 12% 1.60 + 88% 1 = 1.072
Sludge 13% 1.60 + 87% 1 = 1.078
Sludge 14% 1.60 + 86% 1 = 1.084
Sludge 15% 1.60 + 85% 1 = 1.090
Sludge 16% 1.60 + 84% 1 = 1.096
Sludge 17% 1.60 + 83% 1 = 1.102
Sludge 18% 1.60 + 82% 1 = 1.108
Sludge 19% 1.60 + 81% 1 = 1.114
Sludge 20% 1.60 + 80% 1 = 1.120
Sludge 21% 1.60 + 79% 1 = 1.126
Sludge 22% 1.60 + 78% 1 = 1.132
Sludge 23% 1.60 + 77% 1 = 1.138
Sludge 24% 1.60 + 76% 1 = 1.144
Sludge 25% 1.60 + 75% 1 = 1.150
Sludge 26% 1.60 + 74% 1 = 1.156
Sludge 27% 1.60 + 73% 1 = 1.162
Sludge 28% 1.60 + 72% 1 = 1.168
Sludge 29% 1.60 + 71% 1 = 1.174
Sludge 30% 1.60 + 70% 1 = 1.180
Sludge 31% 1.60 + 69% 1 = 1.186
Sludge 32% 1.60 + 68% 1 = 1.192
Sludge 33% 1.60 + 67% 1 = 1.198
Sludge 34% 1.60 + 66% 1 = 1.204
Sludge 35% 1.60 + 65% 1 = 1.210
Sludge 36% 1.60 + 64% 1 = 1.216
Specific Gravity of Slurry for Sludge (Safety Factor of 3)
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Table 27: Specific Gravity of Slurry Sludge Continued 
Material (Solids %) (SG of Material) + (Water %) (SG of Water) = SG of Slurry
Sludge 37% 1.60 + 63% 1 = 1.222
Sludge 38% 1.60 + 62% 1 = 1.228
Sludge 39% 1.60 + 61% 1 = 1.234
Sludge 40% 1.60 + 60% 1 = 1.240
Sludge 41% 1.60 + 59% 1 = 1.246
Sludge 42% 1.60 + 58% 1 = 1.252
Sludge 43% 1.60 + 57% 1 = 1.258
Sludge 44% 1.60 + 56% 1 = 1.264
Sludge 45% 1.60 + 55% 1 = 1.270
Sludge 46% 1.60 + 54% 1 = 1.276
Sludge 47% 1.60 + 53% 1 = 1.282
Sludge 48% 1.60 + 52% 1 = 1.288
Sludge 49% 1.60 + 51% 1 = 1.294
Sludge 50% 1.60 + 50% 1 = 1.300
Sludge 51% 1.60 + 49% 1 = 1.306
Sludge 52% 1.60 + 48% 1 = 1.312
Sludge 53% 1.60 + 47% 1 = 1.318
Sludge 54% 1.60 + 46% 1 = 1.324
Sludge 55% 1.60 + 45% 1 = 1.330
Sludge 56% 1.60 + 44% 1 = 1.336
Sludge 57% 1.60 + 43% 1 = 1.342
Sludge 58% 1.60 + 42% 1 = 1.348
Sludge 59% 1.60 + 41% 1 = 1.354
Sludge 60% 1.60 + 40% 1 = 1.360
Sludge 61% 1.60 + 39% 1 = 1.366
Sludge 62% 1.60 + 38% 1 = 1.372
Sludge 63% 1.60 + 37% 1 = 1.378
Sludge 64% 1.60 + 36% 1 = 1.384
Sludge 65% 1.60 + 35% 1 = 1.390
Sludge 66% 1.60 + 34% 1 = 1.396
Sludge 67% 1.60 + 33% 1 = 1.402
Sludge 68% 1.60 + 32% 1 = 1.408
Sludge 69% 1.60 + 31% 1 = 1.414
Sludge 70% 1.60 + 30% 1 = 1.420
Sludge 71% 1.60 + 29% 1 = 1.426
Sludge 72% 1.60 + 28% 1 = 1.432
Sludge 73% 1.60 + 27% 1 = 1.438
Specific Gravity of Slurry for Sludge (Safety Factor of 3)
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Table 28: Specific Gravity of Slurry Sludge Continued 
Material (Solids %) (SG of Material) + (Water %) (SG of Water) = SG of Slurry
Sludge 74% 1.60 + 26% 1 = 1.444
Sludge 75% 1.60 + 25% 1 = 1.450
Sludge 76% 1.60 + 24% 1 = 1.456
Sludge 77% 1.60 + 23% 1 = 1.462
Sludge 78% 1.60 + 22% 1 = 1.468
Sludge 79% 1.60 + 21% 1 = 1.474
Sludge 80% 1.60 + 20% 1 = 1.480
Sludge 81% 1.60 + 19% 1 = 1.486
Sludge 82% 1.60 + 18% 1 = 1.492
Sludge 83% 1.60 + 17% 1 = 1.498
Sludge 84% 1.60 + 16% 1 = 1.504
Sludge 85% 1.60 + 15% 1 = 1.510
Sludge 86% 1.60 + 14% 1 = 1.516
Sludge 87% 1.60 + 13% 1 = 1.522
Sludge 88% 1.60 + 12% 1 = 1.528
Sludge 89% 1.60 + 11% 1 = 1.534
Sludge 90% 1.60 + 10% 1 = 1.540
Sludge 91% 1.60 + 9% 1 = 1.546
Sludge 92% 1.60 + 8% 1 = 1.552
Sludge 93% 1.60 + 7% 1 = 1.558
Sludge 94% 1.60 + 6% 1 = 1.564
Sludge 95% 1.60 + 5% 1 = 1.570
Sludge 96% 1.60 + 4% 1 = 1.576
Sludge 97% 1.60 + 3% 1 = 1.582
Sludge 98% 1.60 + 2% 1 = 1.588
Sludge 99% 1.60 + 1% 1 = 1.594
Sludge 100% 1.60 + 0% 1 = 1.600
Low Specific Gravity of Slurry for Municipal Wastewater (Safety Factor of 3)
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Figure 45: Specific Gravity of Slurry Sludge of 1.006 at 1% Solids 
 
 
Figure 46: Specific Gravity of Slurry Sludge of 1.150 at 25% Solids 
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Figure 47: Specific Gravity of Slurry Sludge of 1.300 at 50% Solids 
 
 
Figure 48: Specific Gravity of Slurry Sludge of 1.450 at 75% Solids 
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Figure 49: Specific Gravity of Slurry Sludge of 1.540 at 90% Solids 
 
 
Figure 50: Specific Gravity of Slurry Sludge of 1.570 at 95% Solids 
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Figure 51: Specific Gravity of Slurry Sludge of 1.582 at 97% Solids 
 
 
Figure 52: Specific Gravity of Slurry Sludge of 1.600 at 100% Solids 
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Appendix G Medium SG of Slurry for Municipal Wastewater w/ Safety Factor of 3 
Table 29: Medium Specific Gravity of Slurry for Municipal Wastewater 
Material (Solids %) (SG of Material) + (Water %) (SG of Water) = SG of Slurry
Medium Municipal WW 1% 1.67 + 99% 1 = 1.007
Medium Municipal WW 2% 1.67 + 98% 1 = 1.013
Medium Municipal WW 3% 1.67 + 97% 1 = 1.020
Medium Municipal WW 4% 1.67 + 96% 1 = 1.027
Medium Municipal WW 5% 1.67 + 95% 1 = 1.034
Medium Municipal WW 6% 1.67 + 94% 1 = 1.040
Medium Municipal WW 7% 1.67 + 93% 1 = 1.047
Medium Municipal WW 8% 1.67 + 92% 1 = 1.054
Medium Municipal WW 9% 1.67 + 91% 1 = 1.060
Medium Municipal WW 10% 1.67 + 90% 1 = 1.067
Medium Municipal WW 11% 1.67 + 89% 1 = 1.074
Medium Municipal WW 12% 1.67 + 88% 1 = 1.080
Medium Municipal WW 13% 1.67 + 87% 1 = 1.087
Medium Municipal WW 14% 1.67 + 86% 1 = 1.094
Medium Municipal WW 15% 1.67 + 85% 1 = 1.101
Medium Municipal WW 16% 1.67 + 84% 1 = 1.107
Medium Municipal WW 17% 1.67 + 83% 1 = 1.114
Medium Municipal WW 18% 1.67 + 82% 1 = 1.121
Medium Municipal WW 19% 1.67 + 81% 1 = 1.127
Medium Municipal WW 20% 1.67 + 80% 1 = 1.134
Medium Municipal WW 21% 1.67 + 79% 1 = 1.141
Medium Municipal WW 22% 1.67 + 78% 1 = 1.147
Medium Municipal WW 23% 1.67 + 77% 1 = 1.154
Medium Municipal WW 24% 1.67 + 76% 1 = 1.161
Medium Municipal WW 25% 1.67 + 75% 1 = 1.168
Medium Municipal WW 26% 1.67 + 74% 1 = 1.174
Medium Municipal WW 27% 1.67 + 73% 1 = 1.181
Medium Municipal WW 28% 1.67 + 72% 1 = 1.188
Medium Municipal WW 29% 1.67 + 71% 1 = 1.194
Medium Municipal WW 30% 1.67 + 70% 1 = 1.201
Medium Municipal WW 31% 1.67 + 69% 1 = 1.208
Medium Municipal WW 32% 1.67 + 68% 1 = 1.214
Medium Municipal WW 33% 1.67 + 67% 1 = 1.221
Medium Municipal WW 34% 1.67 + 66% 1 = 1.228
Medium Municipal WW 35% 1.67 + 65% 1 = 1.235
Medium Municipal WW 36% 1.67 + 64% 1 = 1.241
Medium Specific Gravity of Slurry for Municipal Wastewater (Safety Factor of 3)
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Table 30: Medium Specific Gravity of Slurry for Municipal Wastewater Continued 
Material (Solids %) (SG of Material) + (Water %) (SG of Water) = SG of Slurry
Medium Municipal WW 37% 1.67 + 63% 1 = 1.248
Medium Municipal WW 38% 1.67 + 62% 1 = 1.255
Medium Municipal WW 39% 1.67 + 61% 1 = 1.261
Medium Municipal WW 40% 1.67 + 60% 1 = 1.268
Medium Municipal WW 41% 1.67 + 59% 1 = 1.275
Medium Municipal WW 42% 1.67 + 58% 1 = 1.281
Medium Municipal WW 43% 1.67 + 57% 1 = 1.288
Medium Municipal WW 44% 1.67 + 56% 1 = 1.295
Medium Municipal WW 45% 1.67 + 55% 1 = 1.302
Medium Municipal WW 46% 1.67 + 54% 1 = 1.308
Medium Municipal WW 47% 1.67 + 53% 1 = 1.315
Medium Municipal WW 48% 1.67 + 52% 1 = 1.322
Medium Municipal WW 49% 1.67 + 51% 1 = 1.328
Medium Municipal WW 50% 1.67 + 50% 1 = 1.335
Medium Municipal WW 51% 1.67 + 49% 1 = 1.342
Medium Municipal WW 52% 1.67 + 48% 1 = 1.348
Medium Municipal WW 53% 1.67 + 47% 1 = 1.355
Medium Municipal WW 54% 1.67 + 46% 1 = 1.362
Medium Municipal WW 55% 1.67 + 45% 1 = 1.369
Medium Municipal WW 56% 1.67 + 44% 1 = 1.375
Medium Municipal WW 57% 1.67 + 43% 1 = 1.382
Medium Municipal WW 58% 1.67 + 42% 1 = 1.389
Medium Municipal WW 59% 1.67 + 41% 1 = 1.395
Medium Municipal WW 60% 1.67 + 40% 1 = 1.402
Medium Municipal WW 61% 1.67 + 39% 1 = 1.409
Medium Municipal WW 62% 1.67 + 38% 1 = 1.415
Medium Municipal WW 63% 1.67 + 37% 1 = 1.422
Medium Municipal WW 64% 1.67 + 36% 1 = 1.429
Medium Municipal WW 65% 1.67 + 35% 1 = 1.436
Medium Municipal WW 66% 1.67 + 34% 1 = 1.442
Medium Municipal WW 67% 1.67 + 33% 1 = 1.449
Medium Municipal WW 68% 1.67 + 32% 1 = 1.456
Medium Municipal WW 69% 1.67 + 31% 1 = 1.462
Medium Municipal WW 70% 1.67 + 30% 1 = 1.469
Medium Municipal WW 71% 1.67 + 29% 1 = 1.476
Medium Municipal WW 72% 1.67 + 28% 1 = 1.482
Medium Municipal WW 73% 1.67 + 27% 1 = 1.489
Medium Specific Gravity of Slurry for Municipal Wastewater (Safety Factor of 3)
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Table 31: Medium Specific Gravity of Slurry for Municipal Wastewater Continued 
Material (Solids %) (SG of Material) + (Water %) (SG of Water) = SG of Slurry
Medium Municipal WW 74% 1.67 + 26% 1 = 1.496
Medium Municipal WW 75% 1.67 + 25% 1 = 1.503
Medium Municipal WW 76% 1.67 + 24% 1 = 1.509
Medium Municipal WW 77% 1.67 + 23% 1 = 1.516
Medium Municipal WW 78% 1.67 + 22% 1 = 1.523
Medium Municipal WW 79% 1.67 + 21% 1 = 1.529
Medium Municipal WW 80% 1.67 + 20% 1 = 1.536
Medium Municipal WW 81% 1.67 + 19% 1 = 1.543
Medium Municipal WW 82% 1.67 + 18% 1 = 1.549
Medium Municipal WW 83% 1.67 + 17% 1 = 1.556
Medium Municipal WW 84% 1.67 + 16% 1 = 1.563
Medium Municipal WW 85% 1.67 + 15% 1 = 1.570
Medium Municipal WW 86% 1.67 + 14% 1 = 1.576
Medium Municipal WW 87% 1.67 + 13% 1 = 1.583
Medium Municipal WW 88% 1.67 + 12% 1 = 1.590
Medium Municipal WW 89% 1.67 + 11% 1 = 1.596
Medium Municipal WW 90% 1.67 + 10% 1 = 1.603
Medium Municipal WW 91% 1.67 + 9% 1 = 1.610
Medium Municipal WW 92% 1.67 + 8% 1 = 1.616
Medium Municipal WW 93% 1.67 + 7% 1 = 1.623
Medium Municipal WW 94% 1.67 + 6% 1 = 1.630
Medium Municipal WW 95% 1.67 + 5% 1 = 1.637
Medium Municipal WW 96% 1.67 + 4% 1 = 1.643
Medium Municipal WW 97% 1.67 + 3% 1 = 1.650
Medium Municipal WW 98% 1.67 + 2% 1 = 1.657
Medium Municipal WW 99% 1.67 + 1% 1 = 1.663
Medium Municipal WW 100% 1.67 + 0% 1 = 1.670
Medium Specific Gravity of Slurry for Municipal Wastewater (Safety Factor of 3)
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Figure 53: Medium Specific Gravity for Municipal Wastewater Slurry of 1.007 at 1% Solids 
 
 
Figure 54: Medium Specific Gravity for Municipal Wastewater Slurry of 1.168 at 25% Solids 
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Figure 55: Medium Specific Gravity for Municipal Wastewater Slurry of 1.335 at 50% Solids 
 
 
Figure 56: Medium Specific Gravity for Municipal Wastewater Slurry of 1.503 at 75% Solids 
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Figure 57: Medium Specific Gravity for Municipal Wastewater Slurry of 1.603 at 90% Solids 
 
 
Figure 58: Medium Specific Gravity for Municipal Wastewater Slurry of 1.637 at 95% Solids 
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Figure 59: Medium Specific Gravity for Municipal Wastewater Slurry of 1.650 at 97% Solids 
 
 
Figure 60: Medium Specific Gravity for Municipal Wastewater Slurry of 1.670 at 100% Solids 
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Appendix H High SG of Slurry for Municipal Wastewater with Safety Factor of 3 
Table 32: High Specific Gravity of Slurry for Municipal Wastewater 
Material (Solids %) (SG of Material) + (Water %) (SG of Water) = SG of Slurry
High Municipal WW 1% 1.80 + 99% 1 = 1.008
High Municipal WW 2% 1.80 + 98% 1 = 1.016
High Municipal WW 3% 1.80 + 97% 1 = 1.024
High Municipal WW 4% 1.80 + 96% 1 = 1.032
High Municipal WW 5% 1.80 + 95% 1 = 1.040
High Municipal WW 6% 1.80 + 94% 1 = 1.048
High Municipal WW 7% 1.80 + 93% 1 = 1.056
High Municipal WW 8% 1.80 + 92% 1 = 1.064
High Municipal WW 9% 1.80 + 91% 1 = 1.072
High Municipal WW 10% 1.80 + 90% 1 = 1.080
High Municipal WW 11% 1.80 + 89% 1 = 1.088
High Municipal WW 12% 1.80 + 88% 1 = 1.096
High Municipal WW 13% 1.80 + 87% 1 = 1.104
High Municipal WW 14% 1.80 + 86% 1 = 1.112
High Municipal WW 15% 1.80 + 85% 1 = 1.120
High Municipal WW 16% 1.80 + 84% 1 = 1.128
High Municipal WW 17% 1.80 + 83% 1 = 1.136
High Municipal WW 18% 1.80 + 82% 1 = 1.144
High Municipal WW 19% 1.80 + 81% 1 = 1.152
High Municipal WW 20% 1.80 + 80% 1 = 1.160
High Municipal WW 21% 1.80 + 79% 1 = 1.168
High Municipal WW 22% 1.80 + 78% 1 = 1.176
High Municipal WW 23% 1.80 + 77% 1 = 1.184
High Municipal WW 24% 1.80 + 76% 1 = 1.192
High Municipal WW 25% 1.80 + 75% 1 = 1.200
High Municipal WW 26% 1.80 + 74% 1 = 1.208
High Municipal WW 27% 1.80 + 73% 1 = 1.216
High Municipal WW 28% 1.80 + 72% 1 = 1.224
High Municipal WW 29% 1.80 + 71% 1 = 1.232
High Municipal WW 30% 1.80 + 70% 1 = 1.240
High Municipal WW 31% 1.80 + 69% 1 = 1.248
High Municipal WW 32% 1.80 + 68% 1 = 1.256
High Municipal WW 33% 1.80 + 67% 1 = 1.264
High Municipal WW 34% 1.80 + 66% 1 = 1.272
High Municipal WW 35% 1.80 + 65% 1 = 1.280
High Municipal WW 36% 1.80 + 64% 1 = 1.288
High Specific Gravity of Slurry for Municipal Wastewater (Safety Factor of 3)
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Table 33: High Specific Gravity of Slurry for Municipal Wastewater Continued 
Material (Solids %) (SG of Material) + (Water %) (SG of Water) = SG of Slurry
High Municipal WW 37% 1.80 + 63% 1 = 1.296
High Municipal WW 38% 1.80 + 62% 1 = 1.304
High Municipal WW 39% 1.80 + 61% 1 = 1.312
High Municipal WW 40% 1.80 + 60% 1 = 1.320
High Municipal WW 41% 1.80 + 59% 1 = 1.328
High Municipal WW 42% 1.80 + 58% 1 = 1.336
High Municipal WW 43% 1.80 + 57% 1 = 1.344
High Municipal WW 44% 1.80 + 56% 1 = 1.352
High Municipal WW 45% 1.80 + 55% 1 = 1.360
High Municipal WW 46% 1.80 + 54% 1 = 1.368
High Municipal WW 47% 1.80 + 53% 1 = 1.376
High Municipal WW 48% 1.80 + 52% 1 = 1.384
High Municipal WW 49% 1.80 + 51% 1 = 1.392
High Municipal WW 50% 1.80 + 50% 1 = 1.400
High Municipal WW 51% 1.80 + 49% 1 = 1.408
High Municipal WW 52% 1.80 + 48% 1 = 1.416
High Municipal WW 53% 1.80 + 47% 1 = 1.424
High Municipal WW 54% 1.80 + 46% 1 = 1.432
High Municipal WW 55% 1.80 + 45% 1 = 1.440
High Municipal WW 56% 1.80 + 44% 1 = 1.448
High Municipal WW 57% 1.80 + 43% 1 = 1.456
High Municipal WW 58% 1.80 + 42% 1 = 1.464
High Municipal WW 59% 1.80 + 41% 1 = 1.472
High Municipal WW 60% 1.80 + 40% 1 = 1.480
High Municipal WW 61% 1.80 + 39% 1 = 1.488
High Municipal WW 62% 1.80 + 38% 1 = 1.496
High Municipal WW 63% 1.80 + 37% 1 = 1.504
High Municipal WW 64% 1.80 + 36% 1 = 1.512
High Municipal WW 65% 1.80 + 35% 1 = 1.520
High Municipal WW 66% 1.80 + 34% 1 = 1.528
High Municipal WW 67% 1.80 + 33% 1 = 1.536
High Municipal WW 68% 1.80 + 32% 1 = 1.544
High Municipal WW 69% 1.80 + 31% 1 = 1.552
High Municipal WW 70% 1.80 + 30% 1 = 1.560
High Municipal WW 71% 1.80 + 29% 1 = 1.568
High Municipal WW 72% 1.80 + 28% 1 = 1.576
High Municipal WW 73% 1.80 + 27% 1 = 1.584
High Specific Gravity of Slurry for Municipal Wastewater (Safety Factor of 3)
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Table 34: High Specific Gravity of Slurry for Municipal Wastewater Continued 
Material (Solids %) (SG of Material) + (Water %) (SG of Water) = SG of Slurry
High Municipal WW 74% 1.80 + 26% 1 = 1.592
High Municipal WW 75% 1.80 + 25% 1 = 1.600
High Municipal WW 76% 1.80 + 24% 1 = 1.608
High Municipal WW 77% 1.80 + 23% 1 = 1.616
High Municipal WW 78% 1.80 + 22% 1 = 1.624
High Municipal WW 79% 1.80 + 21% 1 = 1.632
High Municipal WW 80% 1.80 + 20% 1 = 1.640
High Municipal WW 81% 1.80 + 19% 1 = 1.648
High Municipal WW 82% 1.80 + 18% 1 = 1.656
High Municipal WW 83% 1.80 + 17% 1 = 1.664
High Municipal WW 84% 1.80 + 16% 1 = 1.672
High Municipal WW 85% 1.80 + 15% 1 = 1.680
High Municipal WW 86% 1.80 + 14% 1 = 1.688
High Municipal WW 87% 1.80 + 13% 1 = 1.696
High Municipal WW 88% 1.80 + 12% 1 = 1.704
High Municipal WW 89% 1.80 + 11% 1 = 1.712
High Municipal WW 90% 1.80 + 10% 1 = 1.720
High Municipal WW 91% 1.80 + 9% 1 = 1.728
High Municipal WW 92% 1.80 + 8% 1 = 1.736
High Municipal WW 93% 1.80 + 7% 1 = 1.744
High Municipal WW 94% 1.80 + 6% 1 = 1.752
High Municipal WW 95% 1.80 + 5% 1 = 1.760
High Municipal WW 96% 1.80 + 4% 1 = 1.768
High Municipal WW 97% 1.80 + 3% 1 = 1.776
High Municipal WW 98% 1.80 + 2% 1 = 1.784
High Municipal WW 99% 1.80 + 1% 1 = 1.792
High Municipal WW 100% 1.80 + 0% 1 = 1.800
High Specific Gravity of Slurry for Municipal Wastewater (Safety Factor of 3)
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Figure 61: High Specific Gravity for Municipal Wastewater Slurry of 1.008 at 1% Solids 
 
 
Figure 62: High Specific Gravity for Municipal Wastewater Slurry of 1.200 at 25% Solids 
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Figure 63: High Specific Gravity for Municipal Wastewater Slurry of 1.400 at 50% Solids 
 
 
Figure 64: High Specific Gravity for Municipal Wastewater Slurry of 1.600 at 75% Solids 
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Figure 65: High Specific Gravity for Municipal Wastewater Slurry of 1.720 at 90% Solids 
 
 
Figure 66: High Specific Gravity for Municipal Wastewater Slurry of 1.760 at 95% Solids 
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Figure 67: High Specific Gravity for Municipal Wastewater Slurry of 1.776 at 97% Solids 
 
 
Figure 68: High Specific Gravity for Municipal Wastewater Slurry of 1.800 at 100% Solids 
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Appendix I Low Specific Gravity of Slurry for Sand with Safety Factor of 3 
Table 35: Low Specific Gravity of Slurry for Sand 
Material (Solids %) (SG of Material) + (Water %) (SG of Water) = SG of Slurry
Low Sand 1% 2.63 + 99% 1 = 1.016
Low Sand 2% 2.63 + 98% 1 = 1.033
Low Sand 3% 2.63 + 97% 1 = 1.049
Low Sand 4% 2.63 + 96% 1 = 1.065
Low Sand 5% 2.63 + 95% 1 = 1.082
Low Sand 6% 2.63 + 94% 1 = 1.098
Low Sand 7% 2.63 + 93% 1 = 1.114
Low Sand 8% 2.63 + 92% 1 = 1.130
Low Sand 9% 2.63 + 91% 1 = 1.147
Low Sand 10% 2.63 + 90% 1 = 1.163
Low Sand 11% 2.63 + 89% 1 = 1.179
Low Sand 12% 2.63 + 88% 1 = 1.196
Low Sand 13% 2.63 + 87% 1 = 1.212
Low Sand 14% 2.63 + 86% 1 = 1.228
Low Sand 15% 2.63 + 85% 1 = 1.245
Low Sand 16% 2.63 + 84% 1 = 1.261
Low Sand 17% 2.63 + 83% 1 = 1.277
Low Sand 18% 2.63 + 82% 1 = 1.293
Low Sand 19% 2.63 + 81% 1 = 1.310
Low Sand 20% 2.63 + 80% 1 = 1.326
Low Sand 21% 2.63 + 79% 1 = 1.342
Low Sand 22% 2.63 + 78% 1 = 1.359
Low Sand 23% 2.63 + 77% 1 = 1.375
Low Sand 24% 2.63 + 76% 1 = 1.391
Low Sand 25% 2.63 + 75% 1 = 1.408
Low Sand 26% 2.63 + 74% 1 = 1.424
Low Sand 27% 2.63 + 73% 1 = 1.440
Low Sand 28% 2.63 + 72% 1 = 1.456
Low Sand 29% 2.63 + 71% 1 = 1.473
Low Sand 30% 2.63 + 70% 1 = 1.489
Low Sand 31% 2.63 + 69% 1 = 1.505
Low Sand 32% 2.63 + 68% 1 = 1.522
Low Sand 33% 2.63 + 67% 1 = 1.538
Low Sand 34% 2.63 + 66% 1 = 1.554
Low Sand 35% 2.63 + 65% 1 = 1.571
Low Sand 36% 2.63 + 64% 1 = 1.587
Low Specific Gravity of Slurry for Sand (Safety Factor of 3)
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Table 36: Low Specific Gravity of Slurry for Sand Continued 
Material (Solids %) (SG of Material) + (Water %) (SG of Water) = SG of Slurry
Low Sand 37% 2.63 + 63% 1 = 1.603
Low Sand 38% 2.63 + 62% 1 = 1.619
Low Sand 39% 2.63 + 61% 1 = 1.636
Low Sand 40% 2.63 + 60% 1 = 1.652
Low Sand 41% 2.63 + 59% 1 = 1.668
Low Sand 42% 2.63 + 58% 1 = 1.685
Low Sand 43% 2.63 + 57% 1 = 1.701
Low Sand 44% 2.63 + 56% 1 = 1.717
Low Sand 45% 2.63 + 55% 1 = 1.734
Low Sand 46% 2.63 + 54% 1 = 1.750
Low Sand 47% 2.63 + 53% 1 = 1.766
Low Sand 48% 2.63 + 52% 1 = 1.782
Low Sand 49% 2.63 + 51% 1 = 1.799
Low Sand 50% 2.63 + 50% 1 = 1.815
Low Sand 51% 2.63 + 49% 1 = 1.831
Low Sand 52% 2.63 + 48% 1 = 1.848
Low Sand 53% 2.63 + 47% 1 = 1.864
Low Sand 54% 2.63 + 46% 1 = 1.880
Low Sand 55% 2.63 + 45% 1 = 1.897
Low Sand 56% 2.63 + 44% 1 = 1.913
Low Sand 57% 2.63 + 43% 1 = 1.929
Low Sand 58% 2.63 + 42% 1 = 1.945
Low Sand 59% 2.63 + 41% 1 = 1.962
Low Sand 60% 2.63 + 40% 1 = 1.978
Low Sand 61% 2.63 + 39% 1 = 1.994
Low Sand 62% 2.63 + 38% 1 = 2.011
Low Sand 63% 2.63 + 37% 1 = 2.027
Low Sand 64% 2.63 + 36% 1 = 2.043
Low Sand 65% 2.63 + 35% 1 = 2.060
Low Sand 66% 2.63 + 34% 1 = 2.076
Low Sand 67% 2.63 + 33% 1 = 2.092
Low Sand 68% 2.63 + 32% 1 = 2.108
Low Sand 69% 2.63 + 31% 1 = 2.125
Low Sand 70% 2.63 + 30% 1 = 2.141
Low Sand 71% 2.63 + 29% 1 = 2.157
Low Sand 72% 2.63 + 28% 1 = 2.174
Low Sand 73% 2.63 + 27% 1 = 2.190
Low Specific Gravity of Slurry for Sand (Safety Factor of 3)
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Table 37: Low Specific Gravity of Slurry for Sand Continued 
Material (Solids %) (SG of Material) + (Water %) (SG of Water) = SG of Slurry
Low Sand 74% 2.63 + 26% 1 = 2.206
Low Sand 75% 2.63 + 25% 1 = 2.223
Low Sand 76% 2.63 + 24% 1 = 2.239
Low Sand 77% 2.63 + 23% 1 = 2.255
Low Sand 78% 2.63 + 22% 1 = 2.271
Low Sand 79% 2.63 + 21% 1 = 2.288
Low Sand 80% 2.63 + 20% 1 = 2.304
Low Sand 81% 2.63 + 19% 1 = 2.320
Low Sand 82% 2.63 + 18% 1 = 2.337
Low Sand 83% 2.63 + 17% 1 = 2.353
Low Sand 84% 2.63 + 16% 1 = 2.369
Low Sand 85% 2.63 + 15% 1 = 2.386
Low Sand 86% 2.63 + 14% 1 = 2.402
Low Sand 87% 2.63 + 13% 1 = 2.418
Low Sand 88% 2.63 + 12% 1 = 2.434
Low Sand 89% 2.63 + 11% 1 = 2.451
Low Sand 90% 2.63 + 10% 1 = 2.467
Low Sand 91% 2.63 + 9% 1 = 2.483
Low Sand 92% 2.63 + 8% 1 = 2.500
Low Sand 93% 2.63 + 7% 1 = 2.516
Low Sand 94% 2.63 + 6% 1 = 2.532
Low Sand 95% 2.63 + 5% 1 = 2.549
Low Sand 96% 2.63 + 4% 1 = 2.565
Low Sand 97% 2.63 + 3% 1 = 2.581
Low Sand 98% 2.63 + 2% 1 = 2.597
Low Sand 99% 2.63 + 1% 1 = 2.614
Low Sand 100% 2.63 + 0% 1 = 2.630
Low Specific Gravity of Slurry for Sand (Safety Factor of 3)
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Figure 69: Low Specific Gravity for Sand Slurry of 1.016 at 1% Solids 
 
 
Figure 70: Low Specific Gravity for Sand Slurry of 1.408 at 25% Solids 
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Figure 71: Low Specific Gravity for Sand Slurry of 1.815 at 50% Solids 
 
 
Figure 72: Low Specific Gravity for Sand Slurry of 2.223 at 75% Solids 
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Figure 73: Low Specific Gravity for Sand Slurry of 2. 467 at 90% Solids 
 
 
Figure 74: Low Specific Gravity for Sand Slurry of 2.549 at 95% Solids 
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Figure 75: Low Specific Gravity for Sand Slurry of 2.581 at 97% Solids 
 
 
Figure 76: Low Specific Gravity for Sand Slurry of 2.630 at 100% Solids 
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Appendix J High Specific Gravity of Slurry for Sand with Safety Factor of 3 
Table 38: High Specific Gravity of Slurry for Sand 
Material (Solids %) (SG of Material) + (Water %) (SG of Water) = SG of Slurry
High Sand 1% 2.67 + 99% 1 = 1.017
High Sand 2% 2.67 + 98% 1 = 1.033
High Sand 3% 2.67 + 97% 1 = 1.050
High Sand 4% 2.67 + 96% 1 = 1.067
High Sand 5% 2.67 + 95% 1 = 1.084
High Sand 6% 2.67 + 94% 1 = 1.100
High Sand 7% 2.67 + 93% 1 = 1.117
High Sand 8% 2.67 + 92% 1 = 1.134
High Sand 9% 2.67 + 91% 1 = 1.150
High Sand 10% 2.67 + 90% 1 = 1.167
High Sand 11% 2.67 + 89% 1 = 1.184
High Sand 12% 2.67 + 88% 1 = 1.200
High Sand 13% 2.67 + 87% 1 = 1.217
High Sand 14% 2.67 + 86% 1 = 1.234
High Sand 15% 2.67 + 85% 1 = 1.251
High Sand 16% 2.67 + 84% 1 = 1.267
High Sand 17% 2.67 + 83% 1 = 1.284
High Sand 18% 2.67 + 82% 1 = 1.301
High Sand 19% 2.67 + 81% 1 = 1.317
High Sand 20% 2.67 + 80% 1 = 1.334
High Sand 21% 2.67 + 79% 1 = 1.351
High Sand 22% 2.67 + 78% 1 = 1.367
High Sand 23% 2.67 + 77% 1 = 1.384
High Sand 24% 2.67 + 76% 1 = 1.401
High Sand 25% 2.67 + 75% 1 = 1.418
High Sand 26% 2.67 + 74% 1 = 1.434
High Sand 27% 2.67 + 73% 1 = 1.451
High Sand 28% 2.67 + 72% 1 = 1.468
High Sand 29% 2.67 + 71% 1 = 1.484
High Sand 30% 2.67 + 70% 1 = 1.501
High Sand 31% 2.67 + 69% 1 = 1.518
High Sand 32% 2.67 + 68% 1 = 1.534
High Sand 33% 2.67 + 67% 1 = 1.551
High Sand 34% 2.67 + 66% 1 = 1.568
High Sand 35% 2.67 + 65% 1 = 1.585
High Sand 36% 2.67 + 64% 1 = 1.601
High Specific Gravity of Slurry for Sand (Safety Factor of 3)
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Table 39: High Specific Gravity of Slurry for Sand Continued 
Material (Solids %) (SG of Material) + (Water %) (SG of Water) = SG of Slurry
High Sand 37% 2.67 + 63% 1 = 1.618
High Sand 38% 2.67 + 62% 1 = 1.635
High Sand 39% 2.67 + 61% 1 = 1.651
High Sand 40% 2.67 + 60% 1 = 1.668
High Sand 41% 2.67 + 59% 1 = 1.685
High Sand 42% 2.67 + 58% 1 = 1.701
High Sand 43% 2.67 + 57% 1 = 1.718
High Sand 44% 2.67 + 56% 1 = 1.735
High Sand 45% 2.67 + 55% 1 = 1.752
High Sand 46% 2.67 + 54% 1 = 1.768
High Sand 47% 2.67 + 53% 1 = 1.785
High Sand 48% 2.67 + 52% 1 = 1.802
High Sand 49% 2.67 + 51% 1 = 1.818
High Sand 50% 2.67 + 50% 1 = 1.835
High Sand 51% 2.67 + 49% 1 = 1.852
High Sand 52% 2.67 + 48% 1 = 1.868
High Sand 53% 2.67 + 47% 1 = 1.885
High Sand 54% 2.67 + 46% 1 = 1.902
High Sand 55% 2.67 + 45% 1 = 1.919
High Sand 56% 2.67 + 44% 1 = 1.935
High Sand 57% 2.67 + 43% 1 = 1.952
High Sand 58% 2.67 + 42% 1 = 1.969
High Sand 59% 2.67 + 41% 1 = 1.985
High Sand 60% 2.67 + 40% 1 = 2.002
High Sand 61% 2.67 + 39% 1 = 2.019
High Sand 62% 2.67 + 38% 1 = 2.035
High Sand 63% 2.67 + 37% 1 = 2.052
High Sand 64% 2.67 + 36% 1 = 2.069
High Sand 65% 2.67 + 35% 1 = 2.086
High Sand 66% 2.67 + 34% 1 = 2.102
High Sand 67% 2.67 + 33% 1 = 2.119
High Sand 68% 2.67 + 32% 1 = 2.136
High Sand 69% 2.67 + 31% 1 = 2.152
High Sand 70% 2.67 + 30% 1 = 2.169
High Sand 71% 2.67 + 29% 1 = 2.186
High Sand 72% 2.67 + 28% 1 = 2.202
High Sand 73% 2.67 + 27% 1 = 2.219
High Specific Gravity of Slurry for Sand (Safety Factor of 3)
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Table 40: High Specific Gravity of Slurry for Sand Continued 
Material (Solids %) (SG of Material) + (Water %) (SG of Water) = SG of Slurry
High Sand 74% 2.67 + 26% 1 = 2.236
High Sand 75% 2.67 + 25% 1 = 2.253
High Sand 76% 2.67 + 24% 1 = 2.269
High Sand 77% 2.67 + 23% 1 = 2.286
High Sand 78% 2.67 + 22% 1 = 2.303
High Sand 79% 2.67 + 21% 1 = 2.319
High Sand 80% 2.67 + 20% 1 = 2.336
High Sand 81% 2.67 + 19% 1 = 2.353
High Sand 82% 2.67 + 18% 1 = 2.369
High Sand 83% 2.67 + 17% 1 = 2.386
High Sand 84% 2.67 + 16% 1 = 2.403
High Sand 85% 2.67 + 15% 1 = 2.420
High Sand 86% 2.67 + 14% 1 = 2.436
High Sand 87% 2.67 + 13% 1 = 2.453
High Sand 88% 2.67 + 12% 1 = 2.470
High Sand 89% 2.67 + 11% 1 = 2.486
High Sand 90% 2.67 + 10% 1 = 2.503
High Sand 91% 2.67 + 9% 1 = 2.520
High Sand 92% 2.67 + 8% 1 = 2.536
High Sand 93% 2.67 + 7% 1 = 2.553
High Sand 94% 2.67 + 6% 1 = 2.570
High Sand 95% 2.67 + 5% 1 = 2.587
High Sand 96% 2.67 + 4% 1 = 2.603
High Sand 97% 2.67 + 3% 1 = 2.620
High Sand 98% 2.67 + 2% 1 = 2.637
High Sand 99% 2.67 + 1% 1 = 2.653
High Sand 100% 2.67 + 0% 1 = 2.670
High Specific Gravity of Slurry for Sand (Safety Factor of 3)
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Figure 77: High Specific Gravity for Sand Slurry of 1.017 at 1% Solids 
 
 
Figure 78: High Specific Gravity for Sand Slurry of 1.418 at 25% Solids 
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Figure 79: High Specific Gravity for Sand Slurry of 1.835 at 50% Solids 
 
 
Figure 80: High Specific Gravity for Sand Slurry of 2.253 at 75% Solids 
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Figure 81: High Specific Gravity for Sand Slurry of 2.503 at 90% Solids 
 
 
Figure 82: High Specific Gravity for Sand Slurry of 2.587 at 95% Solids 
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Figure 83: High Specific Gravity for Sand Slurry of 2.620 at 97% Solids 
 
 
Figure 84: High Specific Gravity for Sand Slurry of 2.670 at 100% Solids 
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Appendix K Specific Gravity of Slurry for Silt with Safety Factor of 3 
Table 41: Specific Gravity of Slurry for Silt 
Material (Solids %) (SG of Material) + (Water %) (SG of Water) = SG of Slurry
Silt 1% 2.70 + 99% 1 = 1.017
Silt 2% 2.70 + 98% 1 = 1.034
Silt 3% 2.70 + 97% 1 = 1.051
Silt 4% 2.70 + 96% 1 = 1.068
Silt 5% 2.70 + 95% 1 = 1.085
Silt 6% 2.70 + 94% 1 = 1.102
Silt 7% 2.70 + 93% 1 = 1.119
Silt 8% 2.70 + 92% 1 = 1.136
Silt 9% 2.70 + 91% 1 = 1.153
Silt 10% 2.70 + 90% 1 = 1.170
Silt 11% 2.70 + 89% 1 = 1.187
Silt 12% 2.70 + 88% 1 = 1.204
Silt 13% 2.70 + 87% 1 = 1.221
Silt 14% 2.70 + 86% 1 = 1.238
Silt 15% 2.70 + 85% 1 = 1.255
Silt 16% 2.70 + 84% 1 = 1.272
Silt 17% 2.70 + 83% 1 = 1.289
Silt 18% 2.70 + 82% 1 = 1.306
Silt 19% 2.70 + 81% 1 = 1.323
Silt 20% 2.70 + 80% 1 = 1.340
Silt 21% 2.70 + 79% 1 = 1.357
Silt 22% 2.70 + 78% 1 = 1.374
Silt 23% 2.70 + 77% 1 = 1.391
Silt 24% 2.70 + 76% 1 = 1.408
Silt 25% 2.70 + 75% 1 = 1.425
Silt 26% 2.70 + 74% 1 = 1.442
Silt 27% 2.70 + 73% 1 = 1.459
Silt 28% 2.70 + 72% 1 = 1.476
Silt 29% 2.70 + 71% 1 = 1.493
Silt 30% 2.70 + 70% 1 = 1.510
Silt 31% 2.70 + 69% 1 = 1.527
Silt 32% 2.70 + 68% 1 = 1.544
Silt 33% 2.70 + 67% 1 = 1.561
Silt 34% 2.70 + 66% 1 = 1.578
Silt 35% 2.70 + 65% 1 = 1.595
Silt 36% 2.70 + 64% 1 = 1.612
Specific Gravity of Slurry for Silt (Safety Factor of 3)
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Table 42: Specific Gravity of Slurry for Silt Continued 
Material (Solids %) (SG of Material) + (Water %) (SG of Water) = SG of Slurry
Silt 37% 2.70 + 63% 1 = 1.629
Silt 38% 2.70 + 62% 1 = 1.646
Silt 39% 2.70 + 61% 1 = 1.663
Silt 40% 2.70 + 60% 1 = 1.680
Silt 41% 2.70 + 59% 1 = 1.697
Silt 42% 2.70 + 58% 1 = 1.714
Silt 43% 2.70 + 57% 1 = 1.731
Silt 44% 2.70 + 56% 1 = 1.748
Silt 45% 2.70 + 55% 1 = 1.765
Silt 46% 2.70 + 54% 1 = 1.782
Silt 47% 2.70 + 53% 1 = 1.799
Silt 48% 2.70 + 52% 1 = 1.816
Silt 49% 2.70 + 51% 1 = 1.833
Silt 50% 2.70 + 50% 1 = 1.850
Silt 51% 2.70 + 49% 1 = 1.867
Silt 52% 2.70 + 48% 1 = 1.884
Silt 53% 2.70 + 47% 1 = 1.901
Silt 54% 2.70 + 46% 1 = 1.918
Silt 55% 2.70 + 45% 1 = 1.935
Silt 56% 2.70 + 44% 1 = 1.952
Silt 57% 2.70 + 43% 1 = 1.969
Silt 58% 2.70 + 42% 1 = 1.986
Silt 59% 2.70 + 41% 1 = 2.003
Silt 60% 2.70 + 40% 1 = 2.020
Silt 61% 2.70 + 39% 1 = 2.037
Silt 62% 2.70 + 38% 1 = 2.054
Silt 63% 2.70 + 37% 1 = 2.071
Silt 64% 2.70 + 36% 1 = 2.088
Silt 65% 2.70 + 35% 1 = 2.105
Silt 66% 2.70 + 34% 1 = 2.122
Silt 67% 2.70 + 33% 1 = 2.139
Silt 68% 2.70 + 32% 1 = 2.156
Silt 69% 2.70 + 31% 1 = 2.173
Silt 70% 2.70 + 30% 1 = 2.190
Silt 71% 2.70 + 29% 1 = 2.207
Silt 72% 2.70 + 28% 1 = 2.224
Silt 73% 2.70 + 27% 1 = 2.241
Specific Gravity of Slurry for Silt (Safety Factor of 3)
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Table 43: Specific Gravity of Slurry for Silt Continued 
Material (Solids %) (SG of Material) + (Water %) (SG of Water) = SG of Slurry
Silt 74% 2.70 + 26% 1 = 2.258
Silt 75% 2.70 + 25% 1 = 2.275
Silt 76% 2.70 + 24% 1 = 2.292
Silt 77% 2.70 + 23% 1 = 2.309
Silt 78% 2.70 + 22% 1 = 2.326
Silt 79% 2.70 + 21% 1 = 2.343
Silt 80% 2.70 + 20% 1 = 2.360
Silt 81% 2.70 + 19% 1 = 2.377
Silt 82% 2.70 + 18% 1 = 2.394
Silt 83% 2.70 + 17% 1 = 2.411
Silt 84% 2.70 + 16% 1 = 2.428
Silt 85% 2.70 + 15% 1 = 2.445
Silt 86% 2.70 + 14% 1 = 2.462
Silt 87% 2.70 + 13% 1 = 2.479
Silt 88% 2.70 + 12% 1 = 2.496
Silt 89% 2.70 + 11% 1 = 2.513
Silt 90% 2.70 + 10% 1 = 2.530
Silt 91% 2.70 + 9% 1 = 2.547
Silt 92% 2.70 + 8% 1 = 2.564
Silt 93% 2.70 + 7% 1 = 2.581
Silt 94% 2.70 + 6% 1 = 2.598
Silt 95% 2.70 + 5% 1 = 2.615
Silt 96% 2.70 + 4% 1 = 2.632
Silt 97% 2.70 + 3% 1 = 2.649
Silt 98% 2.70 + 2% 1 = 2.666
Silt 99% 2.70 + 1% 1 = 2.683
Silt 100% 2.70 + 0% 1 = 2.700
High Specific Gravity of Slurry for Sand (Safety Factor of 3)
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Figure 85: Specific Gravity for Silt with Slurry of 1.017 at 1% Solids 
 
 
Figure 86: Specific Gravity for Silt with Slurry of 1.425 at 25% Solids 
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Figure 87: Specific Gravity for Silt with Slurry of 1.850 at 50% Solids 
 
 
Figure 88: Specific Gravity for Silt with Slurry of 2.275 at 75% Solids 
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Figure 89: Specific Gravity for Silt with Slurry of 2.530 at 90% Solids 
 
 
Figure 90: Specific Gravity for Silt with Slurry of 2.615 at 95% Solids 
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Figure 91: Specific Gravity for Silt with Slurry of 2.649 at 97% Solids 
 
 
Figure 92: Specific Gravity for Silt with Slurry of 2.700 at 100% Solids 
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Appendix L Specific Gravity of Slurry for Clay with Safety Factor of 3 
Table 44: Specific Gravity of Slurry for Clay 
Material (Solids %) (SG of Material) + (Water %) (SG of Water) = SG of Slurry
Clay 1% 2.80 + 99% 1 = 1.018
Clay 2% 2.80 + 98% 1 = 1.036
Clay 3% 2.80 + 97% 1 = 1.054
Clay 4% 2.80 + 96% 1 = 1.072
Clay 5% 2.80 + 95% 1 = 1.090
Clay 6% 2.80 + 94% 1 = 1.108
Clay 7% 2.80 + 93% 1 = 1.126
Clay 8% 2.80 + 92% 1 = 1.144
Clay 9% 2.80 + 91% 1 = 1.162
Clay 10% 2.80 + 90% 1 = 1.180
Clay 11% 2.80 + 89% 1 = 1.198
Clay 12% 2.80 + 88% 1 = 1.216
Clay 13% 2.80 + 87% 1 = 1.234
Clay 14% 2.80 + 86% 1 = 1.252
Clay 15% 2.80 + 85% 1 = 1.270
Clay 16% 2.80 + 84% 1 = 1.288
Clay 17% 2.80 + 83% 1 = 1.306
Clay 18% 2.80 + 82% 1 = 1.324
Clay 19% 2.80 + 81% 1 = 1.342
Clay 20% 2.80 + 80% 1 = 1.360
Clay 21% 2.80 + 79% 1 = 1.378
Clay 22% 2.80 + 78% 1 = 1.396
Clay 23% 2.80 + 77% 1 = 1.414
Clay 24% 2.80 + 76% 1 = 1.432
Clay 25% 2.80 + 75% 1 = 1.450
Clay 26% 2.80 + 74% 1 = 1.468
Clay 27% 2.80 + 73% 1 = 1.486
Clay 28% 2.80 + 72% 1 = 1.504
Clay 29% 2.80 + 71% 1 = 1.522
Clay 30% 2.80 + 70% 1 = 1.540
Clay 31% 2.80 + 69% 1 = 1.558
Clay 32% 2.80 + 68% 1 = 1.576
Clay 33% 2.80 + 67% 1 = 1.594
Clay 34% 2.80 + 66% 1 = 1.612
Clay 35% 2.80 + 65% 1 = 1.630
Clay 36% 2.80 + 64% 1 = 1.648
Specific Gravity of Slurry for Clay (Safety Factor of 3)
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Table 45: Specific Gravity of Slurry for Clay Continued 
Material (Solids %) (SG of Material) + (Water %) (SG of Water) = SG of Slurry
Clay 37% 2.80 + 63% 1 = 1.666
Clay 38% 2.80 + 62% 1 = 1.684
Clay 39% 2.80 + 61% 1 = 1.702
Clay 40% 2.80 + 60% 1 = 1.720
Clay 41% 2.80 + 59% 1 = 1.738
Clay 42% 2.80 + 58% 1 = 1.756
Clay 43% 2.80 + 57% 1 = 1.774
Clay 44% 2.80 + 56% 1 = 1.792
Clay 45% 2.80 + 55% 1 = 1.810
Clay 46% 2.80 + 54% 1 = 1.828
Clay 47% 2.80 + 53% 1 = 1.846
Clay 48% 2.80 + 52% 1 = 1.864
Clay 49% 2.80 + 51% 1 = 1.882
Clay 50% 2.80 + 50% 1 = 1.900
Clay 51% 2.80 + 49% 1 = 1.918
Clay 52% 2.80 + 48% 1 = 1.936
Clay 53% 2.80 + 47% 1 = 1.954
Clay 54% 2.80 + 46% 1 = 1.972
Clay 55% 2.80 + 45% 1 = 1.990
Clay 56% 2.80 + 44% 1 = 2.008
Clay 57% 2.80 + 43% 1 = 2.026
Clay 58% 2.80 + 42% 1 = 2.044
Clay 59% 2.80 + 41% 1 = 2.062
Clay 60% 2.80 + 40% 1 = 2.080
Clay 61% 2.80 + 39% 1 = 2.098
Clay 62% 2.80 + 38% 1 = 2.116
Clay 63% 2.80 + 37% 1 = 2.134
Clay 64% 2.80 + 36% 1 = 2.152
Clay 65% 2.80 + 35% 1 = 2.170
Clay 66% 2.80 + 34% 1 = 2.188
Clay 67% 2.80 + 33% 1 = 2.206
Clay 68% 2.80 + 32% 1 = 2.224
Clay 69% 2.80 + 31% 1 = 2.242
Clay 70% 2.80 + 30% 1 = 2.260
Clay 71% 2.80 + 29% 1 = 2.278
Clay 72% 2.80 + 28% 1 = 2.296
Clay 73% 2.80 + 27% 1 = 2.314
Specific Gravity of Slurry for Clay (Safety Factor of 3)
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Table 46: Specific Gravity of Slurry for Clay Continued 
Material (Solids %) (SG of Material) + (Water %) (SG of Water) = SG of Slurry
Clay 74% 2.80 + 26% 1 = 2.332
Clay 75% 2.80 + 25% 1 = 2.350
Clay 76% 2.80 + 24% 1 = 2.368
Clay 77% 2.80 + 23% 1 = 2.386
Clay 78% 2.80 + 22% 1 = 2.404
Clay 79% 2.80 + 21% 1 = 2.422
Clay 80% 2.80 + 20% 1 = 2.440
Clay 81% 2.80 + 19% 1 = 2.458
Clay 82% 2.80 + 18% 1 = 2.476
Clay 83% 2.80 + 17% 1 = 2.494
Clay 84% 2.80 + 16% 1 = 2.512
Clay 85% 2.80 + 15% 1 = 2.530
Clay 86% 2.80 + 14% 1 = 2.548
Clay 87% 2.80 + 13% 1 = 2.566
Clay 88% 2.80 + 12% 1 = 2.584
Clay 89% 2.80 + 11% 1 = 2.602
Clay 90% 2.80 + 10% 1 = 2.620
Clay 91% 2.80 + 9% 1 = 2.638
Clay 92% 2.80 + 8% 1 = 2.656
Clay 93% 2.80 + 7% 1 = 2.674
Clay 94% 2.80 + 6% 1 = 2.692
Clay 95% 2.80 + 5% 1 = 2.710
Clay 96% 2.80 + 4% 1 = 2.728
Clay 97% 2.80 + 3% 1 = 2.746
Clay 98% 2.80 + 2% 1 = 2.764
Clay 99% 2.80 + 1% 1 = 2.782
Clay 100% 2.80 + 0% 1 = 2.800
Specific Gravity of Slurry for Clay (Safety Factor of 3)
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Figure 93: Specific Gravity for Clay with Slurry of 1.018 at 1% Solids 
 
 
Figure 94: Specific Gravity for Clay with Slurry of 1.450 at 25% Solids 
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Figure 95: Specific Gravity for Clay with Slurry of 1.900 at 50% Solids 
 
 
Figure 96: Specific Gravity for Clay with Slurry of 2.350 at 75% Solids 
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Figure 97: Specific Gravity for Clay with Slurry of 2.620 at 90% Solids 
 
 
Figure 98: Specific Gravity for Clay with Slurry of 2.710 at 95% Solids 
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Figure 99: Specific Gravity for Clay with Slurry of 2.746 at 97% Solids 
 
 
Figure 100: Specific Gravity for Clay with Slurry of 2.800 at 100% Solids 
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Appendix M Specific Gravity of Slurry for Silty Clay with Safety Factor of 3 
Table 47: Specific Gravity of Slurry for Silty Clay 
Material (Solids %) (SG of Material) + (Water %) (SG of Water) = SG of Slurry
Silty Clay 1% 2.90 + 99% 1 = 1.019
Silty Clay 2% 2.90 + 98% 1 = 1.038
Silty Clay 3% 2.90 + 97% 1 = 1.057
Silty Clay 4% 2.90 + 96% 1 = 1.076
Silty Clay 5% 2.90 + 95% 1 = 1.095
Silty Clay 6% 2.90 + 94% 1 = 1.114
Silty Clay 7% 2.90 + 93% 1 = 1.133
Silty Clay 8% 2.90 + 92% 1 = 1.152
Silty Clay 9% 2.90 + 91% 1 = 1.171
Silty Clay 10% 2.90 + 90% 1 = 1.190
Silty Clay 11% 2.90 + 89% 1 = 1.209
Silty Clay 12% 2.90 + 88% 1 = 1.228
Silty Clay 13% 2.90 + 87% 1 = 1.247
Silty Clay 14% 2.90 + 86% 1 = 1.266
Silty Clay 15% 2.90 + 85% 1 = 1.285
Silty Clay 16% 2.90 + 84% 1 = 1.304
Silty Clay 17% 2.90 + 83% 1 = 1.323
Silty Clay 18% 2.90 + 82% 1 = 1.342
Silty Clay 19% 2.90 + 81% 1 = 1.361
Silty Clay 20% 2.90 + 80% 1 = 1.380
Silty Clay 21% 2.90 + 79% 1 = 1.399
Silty Clay 22% 2.90 + 78% 1 = 1.418
Silty Clay 23% 2.90 + 77% 1 = 1.437
Silty Clay 24% 2.90 + 76% 1 = 1.456
Silty Clay 25% 2.90 + 75% 1 = 1.475
Silty Clay 26% 2.90 + 74% 1 = 1.494
Silty Clay 27% 2.90 + 73% 1 = 1.513
Silty Clay 28% 2.90 + 72% 1 = 1.532
Silty Clay 29% 2.90 + 71% 1 = 1.551
Silty Clay 30% 2.90 + 70% 1 = 1.570
Silty Clay 31% 2.90 + 69% 1 = 1.589
Silty Clay 32% 2.90 + 68% 1 = 1.608
Silty Clay 33% 2.90 + 67% 1 = 1.627
Silty Clay 34% 2.90 + 66% 1 = 1.646
Silty Clay 35% 2.90 + 65% 1 = 1.665
Silty Clay 36% 2.90 + 64% 1 = 1.684
Specific Gravity of Slurry for Silty Clay (Safety Factor of 3)
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Table 48: Specific Gravity of Slurry for Silty Clay Continued 
Material (Solids %) (SG of Material) + (Water %) (SG of Water) = SG of Slurry
Silty Clay 37% 2.90 + 63% 1 = 1.703
Silty Clay 38% 2.90 + 62% 1 = 1.722
Silty Clay 39% 2.90 + 61% 1 = 1.741
Silty Clay 40% 2.90 + 60% 1 = 1.760
Silty Clay 41% 2.90 + 59% 1 = 1.779
Silty Clay 42% 2.90 + 58% 1 = 1.798
Silty Clay 43% 2.90 + 57% 1 = 1.817
Silty Clay 44% 2.90 + 56% 1 = 1.836
Silty Clay 45% 2.90 + 55% 1 = 1.855
Silty Clay 46% 2.90 + 54% 1 = 1.874
Silty Clay 47% 2.90 + 53% 1 = 1.893
Silty Clay 48% 2.90 + 52% 1 = 1.912
Silty Clay 49% 2.90 + 51% 1 = 1.931
Silty Clay 50% 2.90 + 50% 1 = 1.950
Silty Clay 51% 2.90 + 49% 1 = 1.969
Silty Clay 52% 2.90 + 48% 1 = 1.988
Silty Clay 53% 2.90 + 47% 1 = 2.007
Silty Clay 54% 2.90 + 46% 1 = 2.026
Silty Clay 55% 2.90 + 45% 1 = 2.045
Silty Clay 56% 2.90 + 44% 1 = 2.064
Silty Clay 57% 2.90 + 43% 1 = 2.083
Silty Clay 58% 2.90 + 42% 1 = 2.102
Silty Clay 59% 2.90 + 41% 1 = 2.121
Silty Clay 60% 2.90 + 40% 1 = 2.140
Silty Clay 61% 2.90 + 39% 1 = 2.159
Silty Clay 62% 2.90 + 38% 1 = 2.178
Silty Clay 63% 2.90 + 37% 1 = 2.197
Silty Clay 64% 2.90 + 36% 1 = 2.216
Silty Clay 65% 2.90 + 35% 1 = 2.235
Silty Clay 66% 2.90 + 34% 1 = 2.254
Silty Clay 67% 2.90 + 33% 1 = 2.273
Silty Clay 68% 2.90 + 32% 1 = 2.292
Silty Clay 69% 2.90 + 31% 1 = 2.311
Silty Clay 70% 2.90 + 30% 1 = 2.330
Silty Clay 71% 2.90 + 29% 1 = 2.349
Silty Clay 72% 2.90 + 28% 1 = 2.368
Silty Clay 73% 2.90 + 27% 1 = 2.387
Specific Gravity of Slurry for Silty Clay (Safety Factor of 3)
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Table 49: Specific Gravity of Slurry for Silty Clay Continued 
Material (Solids %) (SG of Material) + (Water %) (SG of Water) = SG of Slurry
Silty Clay 74% 2.90 + 26% 1 = 2.406
Silty Clay 75% 2.90 + 25% 1 = 2.425
Silty Clay 76% 2.90 + 24% 1 = 2.444
Silty Clay 77% 2.90 + 23% 1 = 2.463
Silty Clay 78% 2.90 + 22% 1 = 2.482
Silty Clay 79% 2.90 + 21% 1 = 2.501
Silty Clay 80% 2.90 + 20% 1 = 2.520
Silty Clay 81% 2.90 + 19% 1 = 2.539
Silty Clay 82% 2.90 + 18% 1 = 2.558
Silty Clay 83% 2.90 + 17% 1 = 2.577
Silty Clay 84% 2.90 + 16% 1 = 2.596
Silty Clay 85% 2.90 + 15% 1 = 2.615
Silty Clay 86% 2.90 + 14% 1 = 2.634
Silty Clay 87% 2.90 + 13% 1 = 2.653
Silty Clay 88% 2.90 + 12% 1 = 2.672
Silty Clay 89% 2.90 + 11% 1 = 2.691
Silty Clay 90% 2.90 + 10% 1 = 2.710
Silty Clay 91% 2.90 + 9% 1 = 2.729
Silty Clay 92% 2.90 + 8% 1 = 2.748
Silty Clay 93% 2.90 + 7% 1 = 2.767
Silty Clay 94% 2.90 + 6% 1 = 2.786
Silty Clay 95% 2.90 + 5% 1 = 2.805
Silty Clay 96% 2.90 + 4% 1 = 2.824
Silty Clay 97% 2.90 + 3% 1 = 2.843
Silty Clay 98% 2.90 + 2% 1 = 2.862
Silty Clay 99% 2.90 + 1% 1 = 2.881
Silty Clay 100% 2.90 + 0% 1 = 2.900
Specific Gravity of Slurry for Silty Clay (Safety Factor of 3)
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Figure 101: Specific Gravity for Silty Clay with Slurry of 1.019 at 1% Solids 
 
 
Figure 102: Specific Gravity for Silty Clay with Slurry of 1.475 at 25% Solids 
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Figure 103: Specific Gravity for Silty Clay with Slurry of 1.950 at 50% Solids 
 
 
Figure 104: Specific Gravity for Silty Clay with Slurry of 2.425 at 75% Solids 
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Figure 105: Specific Gravity for Silty Clay with Slurry of 2.710 at 90% Solids 
 
 
Figure 106: Specific Gravity for Silty Clay with Slurry of 2.805 at 95% Solids 
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Figure 107: Specific Gravity for Silty Clay with Slurry of 2.843 at 97% Solids 
 
 
Figure 108: Specific Gravity for Silty Clay with Slurry of 2.900 at 100% Solids 
